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INTRODUCTION 
Purpose of Study 
The thick sequence of Vindhyan sediments (? Late Precambrian) 
f 
has been a subject matter of keen geological interest ever!since it 
attracted the attention of the Indian Geological Survey in 1854. From 
that time onwards a great deal of work has been done on these interest-
ing rocks, but in view of the enormity of the Vindhyan basin, much more 
work is still needed before any attanpt is made to answer many of the 
intriguing questions concerning its mode of formation and palaeogeography. 
The Vindhyan rocks offer excellent opportunities for studying 
ancient sedimentary processes and products. Perhaps they present one of 
the very few cases of unmetamorphosed and undeformed sequences of a very 
ancient age which contain within them such a wide spectrum of lithological 
characters and sedimentary structures, and were deposited under so varied 
hydrodynamic and geomorphic conditions. The eastern part of the great 
Vindhyan basin, perhaps due to reasons of easier accessibility and better 
camping facilities, has been studied in greater details as compared to 
the western part which has remained practically unstudied from the sedi-
mentological point of view. 
The present investigation is an attempt to make an integrated 
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field, petrographic, and palaeocurrent study in a small area near the 
western end of the basin, with a view to determine the dispersal pattern, 
provenance^ and depositional environments of the "Upper" Vindhyan rocks. 
The choice of this particular area was based on the reason that it was 
suspected during the course of preliminary investigations in the western 
part of the Vindhyan basin, that the shore line repeatedly migrated through 
this area, and it provided ideal conditions for studying the sediments 
deposited in marine, near-shore, and fluviatile environments. 
Location and Environs of the Area 
The study area, approximately 925 square kilometers, is situated 
partly in the Kota and partly in the Chitorgarh district of Rajasthan. It 
lies between the north latitudes of 24°50' and 25®15' and east longitudes 
of 75°30' and 75°55', and falls within the Survey of India half-inch topo-
graphical sheet Nos. 45 O/SE and 45 P/NE. It includes at its northeastern 
end, the district headquarters city of Kota (also spelt as Kotah) which is 
well connected by road and railway to most of the important cities of India. 
Communication within the area, however, is restricted to one bus route from 
Kota to Hawatbhata, and most of it can be reached only by walking long 
distances on foot. 
By far the major part of the area is covered by dense forests or 
thorny shrubs. Extensive farmlands, however, exist along the Chambal river 
in the region below the scarp. Exposures of rock formations are generally 
good except in regions covered by soil or lateritic covers. Camping facili-
ties are scarce and widely scattered, thus, rendering parts of the area 
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practically inaccessible. 
Scope of Work 
The area was mapped geologically by the writer on a one-inch 
scale and stratigraphic sections were measured at as many localities as 
possible. The lithological and primary structural features of the rocks 
were carefully recorded, and an attempt was made to evaluate them in 
terms of the hydro-dynamic conditions of deposition. 
A petrographic study, based on the examination of 195 thin sections 
of sandstones and limestones, was made. It includes the determination of 
textural attributes, modal composition, insoluble residues, and heavy 
mineral characteristics. Thin sections of shales were not studied because 
the data obtained from their field study were considered reasonably 
adequate to draw significant conclusions regarding their mode of formation. 
A systematic pd.laeocurrent study of the rocks was made with the 
help of directional structures such as cross-stratification, ripple marks, 
and parting lineation, and a total number of 1,348 readings were taken 
for the purpose. The measurement of cross-stratification received the 
maximum emphasis as it is the most commonly occurring structure, and also 
because it gives the sense of sediment transport direction. The palaeo-
current data were further supplemented by dimensional fabric studies, 
specially in regions where other directional structures were scarce or 
totally absent. In all, the orientation of 10,600 clastic quartz grains 
was measured in 53 properly oriented thin sections. The mean current 
direction at each locality was also computed. 
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On the basis of the above studies, it has been possible to locate 
and evaluate the provenance which supplied the detritus to this part of 
the Vindhyan basin during the deposition of the "l%)per" Vindhyan rocks. 
The data obtained from field and laboratory investigations were used in 
deciphering the depositional history of the sediments. 
Figure 1 shows schematically the plan and methodology-of the 
present investigation. 
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FIG. 1.-FLOWSHEET SHOWING THE PLAN AND METHODOLOGY 
OF THE PRESENT INVESTIGATION 
CHAPTER - I 
GEOLOGY OF THE AREA 
PREVIOUS WORK 
Geological investigations of the thick sequence of sedimentary 
rocks exposed in the impressive scarp of the Vindhya ranges south of the 
Gangetic plains started in the early part of the 19th century. However, 
it was only in 1R54 that these rocks attracted the attention of the 
Geological Survey of India and from then onwards they remained, and co'ntinue 
to remain, the subject matter of active geological interest. 
Dr. T.Oldham (see Mallet, 1869, p. 12) studied these rocks in Central 
India in 1856 and proposed the name "Vindhyan" for them. He classified them 
into three "sub-groups", namely, "Kymore", "Bewah" and "Bundair" in the 
/ 
ascending order. 
Medlicott (1859) in his report on the Vindhyan rocks of Bundelkhand 
agreed with the classification given by Dr. T.Oldham. However, he observed 
a group of limestone, shale and sandstone inbetween the Vindhyan rocks and 
the crystalline basement and named it "Semri Series". Similar rocks under-
lying the "Kymore" in the Son valley were named by him as "Sub-Kymore". 
Mallet (1869) made a regional study of the Vindhyan rocks in the 
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northwestern and central parts of India. He retained the earlier sub-
divisions of the Vindhyan rocks but concluded that the "Sub-Kymore Series" 
of the Son valley and the "Semri Series" of Bundelkhand were one and the 
same. He, then divided the entire Vindhyan succession into two divisions 
namely "Upper" and "Lower", the former division comprising "Kymore", 
"Rewah", and "Bundair" sub-groups of Dr. T.Oldham and the latter includ-
ing the "Semri" and "Sub-Kymore Series" of Medlicott (1859). Each of 
the "Upper" Vindhyan "sub-groups" were further divided into "Lower" 
and "Upper". 
Coulson (1927) mapped the erstwhile Princely State of Bundi (Rajas-
than), adjacent to the study area, and gave a detailed account of the geology 
and structure of the region. 
Auden (1933) resurveyed the Vindhyan rocks in the Son valley of 
Mirzapur District, Uttar Pradesh, and divided them into four "Series", 
namely, Semri, Kaimur, Rewa and Bhander but discarded the use of the terras 
"Lower" and "Upper" Vindhyan. Apart from detailed mapping in the Son 
vallqr region, he was the first to study the lithology of the rocks and to 
discuss their origin as well as the physiographical conditions which prevailed 
during the Vindhyan times. 
The area of south-eastern Mewar, which includes the study area, was 
studied for the first time in detail by Heron (1936). He mapped the entire 
region on 1 inch to 4 miles scale and described the stratigraphic sequence, 
lithology,and structural features of the Vindhyan rocks. Although no attempt 
was made by him to discuss the various sedimentoloqical problems involved. 
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his work remains upto date the only detailed and authentic work in the area. 
During the last two decades and a half, a great deal of work has 
been done on the various aspects of Vindhyan sedimentation such as sedi-
mentary structures (Mathur, 1955, 1965a; Misra, 1961; Misra and Awasthi, 
1961, 1962a), palaeocurrent patterns (Banerjee and Sen Gupta, 1963; iahri, 
1964; Jafar et.ai., 1966; Mishra, 1967), depositional environments (Basu-
malllc, 1961, 1962; Banerjee and Sen Gupta, 1963), palaeogeography (Sahni, 
1941; Krishnan and Swarainath, 1959; Ahmad. 1962) and age (Misra, 1949; 
Sitholey et §1., 1953; Howell, 1956; Bose, 1956; Misra and Awasthi,1961, 
1962b; Sarkar, et §1., 1964; Vinagradov and Tugarinov, 1964; Srivastava, 
1965). However, most of the above studies are connected with small areas 
of the Vindhyan basin and do not take into consideration the integrated 
aspect of Vindhyan sedimentation. They will be referred to at length at 
appropriate places in the following pages. 
STKATIGBAPHIC NOMENCUTURE AND CLASSIFICATION 
A review of the classification of Vindhyan rocks given by earlier 
workers shows that there exists no uniformity or agreement among them with 
regard to stratigraphic nomenclature and classification. Tirae-stratigraphic 
terms such as "Group", "Series", "Stage", "Lower" and "l^per", have been 
arbitrafily used in their classification although the Vindhyans neither 
contain definitive fossils nor adequate data on their radiometric age are 
available. Another source of confusion in the existing classification of 
these rocks is the long standing practice of using identical geographic 
names for the bigger units as well as for several of their smaller sub-
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divisions. Thus, the Bhander "Series" is subdivided into "Lower Bhander 
Sandstone", "Bhander Limestone", "Upper Bhander Sandstone", etc., and 
the Bewa "Series" into "Rewa Shale" and "Rewa Sandstone" by earlier workers 
(Heron, 1936). 
The need for uniform and proper usage of stratigraphic terms has 
been felt lately and commendable attempts in this direction have been made 
by Mathur (1965^)and Prakash (1966). A code of stratigraphic nomenclature 
is also under preparation by the Indian Geological Survey at the present 
time but pending its formal establishment, all interim classifications 
have to be, out of necessity, informal and a mixture of the old and the new, 
retaining some of the old, anamolous terminology but introducing some 
modifications. 
In the absence of a standardised and formally accepted stratigraphic 
nomenclature of Vindhyan rocks, an informal classification based essentially 
on the code of stratigraphic nomenclature (hereinafter called the "code") 
recommended by the American Commission on Stratigraphic Nomenclature (1961) 
is proposed in Table 1. It is essentially a rock-stratigraphic classifica-
tion but follows the old practice of using identical geographic names to 
the larger units as well as to their smaller subdivisions. This, obviously, 
is undesirable.but has been adopted here because these geographic names 
have persisted for so long a time and are so deeply entrenched in the Indian 
stratigraphic thought that it is inadvisable to introduce neiv terminology 
till a formally accepted Indian code of stratigraphic nomenclature is 
evolved and new geographic prefixes are agreed upon for the different groups, 
format ions,and members. 
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TABLE 1 - INFORMAL CLASSIFICATION OF VINDHYAN ROCKS IN THE 
KOTA-RAWATBIIATA AREA 
G R O U P SUBDIVISIONS (FORMATIONS) 
Bhander 
Bhander sandstone 
Sirbu shale 
Bhander limestone 
Ganurgarh shale 
"Upper"Vindhyan Rewa 
Rewa sandstone 
Rewa shale 
Kaimur Kaimur sandstone 
"Lower" Vindhyan Semri (?) Suket shale 
The terms "Upper" and "Lower" Vindhyan, proposed originally by 
Mallet exactly a century back,have been retained only for reasons of long 
usage (see Pascoe, 1959, p.496). The "Upper" Vindhyan sequence in the 
study area has been divided into 3 groups, namely, Kairaur, Rewa and Bhander 
in the ascending order. Each group, with the exception of the Kaimur, 
contains more t-han one subdivisions of the status of formations, and which 
possess many features in common; for example, all subdivisions of the 
Bhander group are predominently of red colour and are cross-stratified 
and/or ripple marked, while the constituent formations of the Rewa group 
are largely of light greenish colour and are generally rich in sole markings 
and slump/load structures. However, the Kaimur group comprises only sand-
stone in the study area although it is also divisible into several formations 
in the type area, Since a group must consist of two or more associated 
formations (Article 9, p.65l), the Kairaur sandstone does not qualify for 
* The Articles mentioned in the text refer to Articles of the code of stra-
tigraphic nomenclature recommended by the American Commission on Stra-
tigraphic Nomenclature (1961). 
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this status. According to Article 9(c) of the code, however, "The wedge-out 
of a component formation or formations may justify the reduction of the 
group to formation rank, retaining the same name. VJhen a group is extended 
laterally beyond where it is divided into formations, it becomes in effect 
a formation, even if it is still called a group". Thus the Kaimur group, 
extending laterally into the study area, is reduced to the rank of formation, 
and is informally referred to as Kaimur sandstone. 
The Rewa group comprises two subdivisions of formation rank, that 
is, Rewa shale and Rewa sandstone, while the Bhander group contains 4 sub-
divisions of the same rank, namely, Ganurgarh shale, Bhander limestone, 
Sirbu shale and Bhander sandstone. 
GROSS LITHOLOGY AND FIELD CHARACTERS 
The area between Kota and Rawatbhata was studied during three field 
seasons between 1964-65 and 1966-67 with a view to map it and to make a 
systematic sedimentological study of the "Upper" Vindhyan rocks. The result-
ing geological map appears in Fig.2 (in cover pocket), and the descriptions 
that follow are based on the observations of the present writer, 
Kaimur Sandstone 
The Kaimur sandstone occurs in the southeastern part of the area 
and usually occupies low grounds except near Jhalarbaori where it forms a 
minor scarp. The entire thickness of this formation is, therefore, not 
exposed at any one place and the generalised stratigraphic sequence shoivn 
in Fig.3(a) is based on the measurement of several disconnected sections. 

EXPUNATION OF P U T E I 
FIG. 1 Massive and thick-bedded sandstone in the basal part of 
the Kairaur formation. Thin interbeds of sandstones 
in the lower part show wavy contacts. 
Road cutting about 4 km east of Jhalarbaori. 
FIG. 2 Thick-bedded sandstone showing numerous thin-bedded units 
in the middle part of the Kaimur formation. 
Ravine section about 2.5 km east of Jhalarbaori. 
FIG. 3 Thin-bedded sandstones in the upper part of the Kaimur 
formation. Interbeds of flat bedded sandstones are 
common in the lower part of the photograph. 
Stream section about 1.5 km northwest of Rawatbhata. 
FIG. 4 Thinly laminated shale unit at the base of the Rewa shale 
sequence. The thin, even laminae are remarkably persistant 
for several meters. Note the splintry nature of shale. 
Chambal river section immediately below the Bhainsrorgarh 
Fort. 
FIG. 5 A typical section of the middle part of the Rewa shale 
sequence consisting of thick-bedded shale and thin-bedded 
sandstones. Note consistancy of bedding thicknesses, 
However, some of the contacts are wavy. 
Near eastern gate of the walled town of Bhainsrorgarh. 
FIG. 6 The top unit of the Rewa shale sequence consistiag of flaggy 
shales and lenticular sandstone bands. A small erosion 
channel represented by sandstone is seen near the base. 
Road cutting about 0.5 km outside the northern gate of the 
walled town of Bhainsrorgarh. 
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The Kaimur sandstone conformably overlies the Suket shale which 
constitutes the top-most formation of the Semri group ("Lower" Vindhyan) 
in south-east Mewar. The passage from Suket shale to Kaimur sandstone is 
perfectly gradational, the green and reddishbrown, sandy shales of the 
former passing, first, into thin-bedded sandstone, and then into the 
typical thick-bedded sandstone of the latter formation. The thickness 
of the transitional zone east of Jhalarbaori is about 2ra and it is impo-
ssible to draw a line separating the Suket shale from the Kaimur sandstone, 
and, hence, the transition zone has been taken to mark the boundary between 
the two formations. 
The basal 12m of Kaimur sandstone is massive or thick-bedded, the 
individual beds varying in thickness from 30 cm to more than 2 m (Plate I, 
Fig.l). Primary sedimentary structures are not seen in the lower 3/4 of the 
section but isolated thin sets of trough cross-stratification and ripple 
marks appear in the upper part. Going up in the sequence the next 30 m 
comprise,by and large, thick-bedded sandstone (thickness 30 to 60 cm) but 
some thin-bedded units (thickness 5 to 10 cm) are also present (Plate I, 
Fig,2). The former are chararacterised by a very profuse development of 
trough cross-stratification in repeated cosets, while the latter contain 
asymmetrical ripple marks of low amplitude. The next 14 m comprise a 
sequence of thin-bedded sandstone, the thickness of individual beds ranging 
from 2 to 10 cm (Plate I, Fig.3). The sandstone shows cross-stratification 
of the planar type and also a profuse development of symmetrical and 
asymmetrical ripple marks. Interbeds of fine grained sandstone and shale, 
0.5 to 5 cm thick, become common and parting lineation is very often 
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associated with the fomer. The overlying 2.5 m of the Kairaur sequence is 
marked by the abundant appearance of giauconite, coarsening of grain size, 
perfect rounding of detrital grains and a relative increase in bedding 
thickness (30 to 60 cm). Oppositely oriented cosets of small-scale cross-
stratification are common in this part of the sequence. 
The upper boundary of the Kaimur sandstone deserves special mention. 
The glauconitic sandstone mentioned above is overlain by a 4.5 m thick band 
of green (glauconitic) and red (ferruginous) shale which, in turn, is 
succeeded by another glauconitic sandstone about 2.5 ra thick. This sand-
stone also shows small-scale trough cross-stratification, but it is note-
worthy that grains of giauconite are concentrated along the foreset planes. 
The red and green shales are identical in characters with the shales of the 
overlying formation belonging to the Rewa group while the glauconitic sand-
stone is lithologically similar to the top most portion of the Kaimur sand-
stone and bears no resemblance to the sandstone of the Hewa group. . The 
question, then, arises as to whether the upper limit of the Kaimur sandstone 
should be placed at the top of the second glauconitic sandstone band or at 
the base of the red and green shales, which overlie the Kaimur sandstone. 
Actually this controversy dates back to the time when Hacket and Kishan 
Singh mapped the area (see Heron, 1936), the former fixing the upper boundary 
of the Kaimur at the base of the red and green shales while the latter 
preferred to keep it above the second glauconitic sandstone band. Heron 
(1936) supported Hacket although no reasons were given for doing so. However, 
the present writer is in agreement with the conclusions of Kishan Singh mainly 
for two reasons: firstly, giauconite appears at the top of the Kaimur 
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sandstone and continues into the overlying shale and sandstone bands, 
whereas in the succeeding red and green shales of the basal Rewa group 
there is no glauconite; secondly, the textural and compositional characters 
of the second glauconitic sandstone band are so similar to those of the 
top part of the Kaimur sandstone that it is practically impossible to dis-
tinguish between the two even under the microscope. 
Rewa Group 
The Rewa group in the study area comprises two constituent formations, 
namely, Rewa shale and Rewa sandstone. The former occurs in low grounds 
forming extensive plains while the latter forms small flat-topped hills. 
Stratigraphic sections measured at different localities appear in Fig.3(b). 
Rewa s^hale.- The Rewa shale lies conformably over the Kaimur sandstone but 
the contact between the two is sharp. Heron (1936) estimated the thickness 
of the formation to be of the order of about 46 m but the measurements of 
several stratigraphic sections in the area (Fig. 3b) has revealed that its 
thickness is not the same everywhere and varies from 15 m west of Rawatbhata 
and southwest of Chulia Falls to about 94 m at Bhainsrorgarh. 
The best exposures of this formation are seen in the cliff face on 
which the ancient fort of Bhainsrorgarh stands overlooking the river Chambal, 
where a section, about 80 m thick, is exposed. Taking into consideration 
the dip of the ICaimur sandstone a short distance south of this place, it is 
estimated that about 16 m of this formation must lie hidden below the river 
Chambal and the alluvium south of the river. The basal 18.5 in of the exposed 
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section below the Fort consists of very thin (1 to 5 mm) and evenly laminated 
green and red shales (Plate I, Fig.4) which are devoid of all internal 
structures. Higher up in the section the shales become siliceous and flaggy 
and bands of quartzose sandstone, 0.5 to 4 cm thick, make their appearance 
(Plate I, Fig.5). The sandstone beds show ripple cross-lamination while 
the thick-bedded shale exhibit interference ripple marks. The zone of 
thick-bedded shale and thin sandstone intercalations is 45.5 m thick and 
is capped by a thin band of shale-pebble conglomerate which can be traced 
all through the area. 
Northwest of Bhainsrorgarh, the thick-bedded sha]es with sandstone 
intercalations are partially exposed in a 45 m thick section. At a height 
of 31.5 m from the base of the section, the shale-pebble conglomerate bed 
mentioned above is present and has a thickness of 1.5 m. Overlying it is 
a 3 m thick sandstone bed followed by 10 m of shale-sandstone intercalations 
(Plate I, Fig.6) showing a number of sedimentary structures such as erosional 
channels, ripple cross-lamination, flute cast, groove cast, load structures 
and flow rolls. Due west of Bhainsrorgarh the section of this formation is 
similar to one described above with the only difference that the zone of 
shale-sandstone intercalations resting over the pebble conglomerate bed, 
is only 6.4 m thick and that the thin sandstone bed is missipg in this 
section. 
In contrast to the sections described above, the Rewa shale is only 
15 m thick west of Rawatbhata and consists of red and green shales of the 
type seen at the base of the Bhainsrorgarh bluff. Likewise, about 5 km due 
east of Bhainsrorgarh this formation is 36 m thick and comprises red and 
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EXPUNATION OF PLATE II 
FIG. 1 Shale and sandstone intercalations near the base of Rewa 
sandstone. The uniformity of bedding thicknesses is 
noteworthy. 
Chambal river section north of Jaora Kalan. 
FIGS. 2 & 3 Hisorted shale pebble conglomerate on top of section seen 
in Fig.l. The clasts are very thin, horizontally dis-
posed and sharply angular to rounded. 
Chambal river section north of Jaora Kalan. 
FIG. 4 A distant view of the shale pebble conglomerate. Note the 
thinness of the conglomerate layer. 
Chambal river section north of Jaora Kalan. 
FIGS. 5 & 6 Thick-bedded, massive sandstone forming the top of the Rewa 
sandstone sequence. 
Chambal river section north of Jaora Kalan. 
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green shales only. 
Rewa sandstone.- The junction between the Rewa shale and the Rewa sandstone 
is conformable though sharp. In hand specimen, the Rewa sandstone is 
similar to Kaimur sandstone but is occasionally grey to buff in colour. 
It is often impregnated with varying amounts of iron oxide, imparting 
a brown or dark red colour to the rock. The sandstone is medium- to 
fine-grained, massive and compact. 
The characters of Rewa sandstone vary from place to place. In 
the basal 4 m of the section exposed in the Chambal river bed due west of 
Kolipura, the sandstone beds are from 15 to 50 cm thick and include a 
number of shale intercalations of approximately the same thickness (Plate 
II, Fig.l). Towards the top of this unit, beds of shale-pebble conglomerate 
are frequently present (Plate II, Figs. 2 & 3 ) . The shale fragments are 
angular to rounded and very thin (1 to 2 cm), but along their long axes 
they measure from 1 cm to 1 m and occur in a layer 1 to 4 cm thick above 
the sandstone beds (Plate II, Fig.4). The remaining 6 m of the section 
comprises massive sandstone (Plate II, Figs, 5 & 6) which often contain 
sparsely distributed pebbles of shale measuring 0.5 to 6 cm along their 
long axes. However, west of Kolipura, about 4 km east of the Chambal river 
section, the Rewa sandstone is represented by a 9 m thick massive variety 
and the intercalations of shale and flat-pebble conglomerates are entirely 
absent. At other localities also, such as along the western bank of the 
Chambal river near Rana Pratap Sagar dam, west and northwest of Bhainsrorgarh 
and Loharia, the Rewa sandstone is massive, thick-bedded but does not 
include shale intercalations. 
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Primary structures are not developed everywhere in this formation 
but arc limited to sections where the sandstones are either thin bedded or 
contain shale intercalations. Among the important structures present are 
planar cross-stratification, ripple marks (both symmetrical and asymmetrical), 
parting lineation, groove cast, flute cast, and flow rolls. 
Bhander Group 
The rocFts of the Bhander group occupy nearly 3/4 of the total area 
of investigation, and comprise shale, limestone and sandstones and are 
divisible into four formations, namely, Ganurgarh shale, Bhander limestone, 
Sirbu shale and Bhander sandstone. The most characteristic feature of the 
sediments of this group is their dominant red colour. A generalised section 
of this group appears in Fig. 3(c). 
Ganurgarh shale.- The Ganurgarh shale forms a very narrow strip running 
along the base of the scarp formed by the hard and resistant Bhander sand-
stone. It overlies the Rewa sandstone with every sign of conformity, the 
contact between the two being sharp. They are dirty green towards the base 
but become brownish-yellow or red higher up in the sequence. In its lower 
part, it contains occasional thin sandstone bands 1 to 5 cm thick but 
towards the top the shales become thick-bedded and calcareous and often 
contain thin bands of brownish limestone. The upper contact of this forma-
tion with the Bhander limestone is gradational. Good sections of Ganurgarh 
shale are not available, except west of Kolipura, where its thickness is 22m. 
The Ganurgarh shale is rich in sedimentary structures which include 
micro cross-lamination, ripple marks, flute cast, load cast, bounce cast. 

EXPUNATION OF PLATE III 
FIG. 1 A general view of the Bhander limestone forming an almost 
vertical scarp. In the lower part it is laminated but 
higher up in the sequence it becomes massive. 
Enterence of Chambal river gorge about 2.5 km northeast of 
Jaora Kalan. 
FIG. 2 Flat-pebble calcirudite breccia near the base of the Bhander 
limestone sequence. The flat pebbles are poorly sorted 
and extensively replaced by dolomite giving a pseudo-
breccia appearance. 
Right bank of Chambal river at the enterance of the gorge nearly 
3 km northeast of Jaora Kalan. 
FIG. 3 Thick bifurcating veins of dolomite cutting accross the thin-
bedded Bhander limestone. 
Right bank of Chambal river about 3.5 km northeast of Jaora 
KaIan. 
FIG. 4 Thin, flat-bedded sandstone near base of Bhander sandstone 
sequence. Note the small erosion channel filled with 
massive sandstone. 
Road section in the lower scarp about 2 km northeast of Kolipura. 
FIG. 5 Thick-bedded, sandstone in upper part of the Bhander sandstone 
sequence showing a single set of large scale cross-
stratification. 
About 5 km west of Ratkankra. 
FIG. 6 Non-plunging, open, symmetrical folds in Bhander limestone. 
Right bank of Chambal river nearly 3.5 km northeast of Jaora Kalan, 
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prod cast and groove cast. These structures are associated with the sandy 
interbeds. 
Bhander limestone.- The Bhander limestone is a very prominent formation in 
the area by virtue of its lithology and thickness (Plate III, Fig.l). Its 
outcrop runs in an east-west direction parallel to the scarp formed by the 
Bhander sandstone. Its thickness increases from east to west and varies 
from 45 ra northwest of Kolipura to 120 ra at Pir Ka Magra. 
The base of the Bhander limestone is marked by a flat-pebble cal-
cirudite breccia (Plate III, Fig.2) which is intercalated with laminated 
limestone. In its lower part the conglomerate is red in colour and contains 
flat pebbles of limestone and shale derived from the immediately underlying 
formation but higher up in the sequence only limestone pebbles occur and 
the colour becomes grey. The thickness of the pebbles varies between 0.3 
to 1 cm but along their long axes they range from 0.7 to 10 cm. The breccia 
bed is very persistant and its thickness varies from 2 to 4.5 m. The indi-
vidual beds range in thickness from 2 to 10 cm. 
The calcirudite breccia passes into micritic limestone showing 
thin laminations of red and grey colour. By and large, it is highly ferru-
ginous and.therefore, of dominant red colour. The thickness of the laminated 
limestone ranges from 4 to 10 m and the thickness of the individual beds 
from 3 to 10 cm. The banded limestone passes into a blue, thick-bedded 
limestone which is also micrite and is traversed by numerous thick veins 
of dolomite (Plate III, Fig. 3). The thickness of the bluish limestone 
measured in the section west of Kolipura is about 27 m. The thickness of 
the individual beds varies from 5 to 50 cm. 
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The Bhander limestone is overlain by the Sirbii shale but the 
contact between the two is not exposed anywhere due to a thick cover of 
debris derived from the disintegration of the latter. 
Sirbu shale.- The Sirbu shale rests on the Bhander limestone and passes 
without any discordance into the overlying Bhander sandstone. A gradual 
passage from shale to sandstone can be seen on the road from Kota to Rawat-
bhata near Kolipura. The shales are generally red or chocolate coloured 
but occasionally they show greenish colour. They often contain sandy 
intercalations, are very thin-bedded and crumble easily on weathered 
surfaces. No sediinejLtjjaLAtxactuix& 
other respects it is like the Rewa and Ganurgarh shales. The exact thick-
ness of this formation is difficult to measure because of its friable and 
iveathered nature but in the section exposed in the road cutting near 
Kolipura, it is about 30 ra thick. 
Bhander sandstone.- The Bhander sandstone rests conformably on the Sirbu 
shale with a gradational contact, the thickness of the transitional zone 
being 1.5 m, and occupies the largest portion in the area. Due to its 
resistant nature it forms two parallel,east-west running scarps which lie 
within a distance of one and a half kilometers from each other north of 
Kolipura. The two scarps are separated by a longitudinal valley which owes 
its existence to the presence of a thick, red-coloured shale intercalation 
between the sandstones. The thickness of tlie shale intercalation is 
difficult to measure because it is largely covered by the debris of the 
sandstone exposed in the upper scarp. 
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The sandstone in the lower scarp is 36 m thick and is, by and 
large thick-bedded but flat-bedded units are common which often contain 
parting lineation. The thickness of the individual beds varies from 2 
to 60 cm (Plate III, Fig. 4). Ihe sandstone is of dark red colour but 
at some places it shows big and small spots of white colour. The sand-
stone in the upper scarp, which is 31 m thick north of Kolipura, is thick-
bedded and contains single sets of large scale cross-stratification 
(Plate III, Fig. 5). It forms an extensive plateau which extends un-
broken even beyond Kota and is often covered by laterite. 
Erosional channels (Plate III, Fig. 4) are common in the Bhander 
sandstone; the larger ones measure upto 10 m across and 3 m d e ^ while 
the smaller ones are about 2 m wide and 60 cm deep. It is noteworthy 
that the channel-fill sediments are more thickly bedded and massive than 
the sediments in which the channels occur. They never contain pebbly or 
gritty material and are texturally similar to the enclosing sediments. 
Laterite 
Patches of laterite and lateritic soil occur locally all along 
the Bhander plateau between Kota and Borabans but the one around 
Ratkankra is very extensive. The thickness of the laterite capping here 
is more than 2 m and extends over an area of 7 sq. km. In the hand 
Specimen it is dark red and shows the typical pisolitic structure. 
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SL'RUCTURE OF THE AREA 
The structure of the area is simple inasmuch as the strata are 
almost horizontally disposed or gently Inclined (2° - B*'). At some places, 
however, the strata show gentle undulations and form very open, broad and 
shallow elevations and depressions, the crest to crest distance being of 
the order of several kilometers. 
A normal fault with a throw of about 50 m, and hading towards 
northeast, which was hitherto not recorded by earlier workers, was detected 
during the course of mapping (Fig.2). The fault runs in a N 60"W - S 6o''E 
"dir^'flon, roughTy^palr^leT to tire scarp roirme^by tlieHhander sanffst.ohe, 
from 2.5 km south of Kolipura to 2.5 km north of Hajipura and than cutting 
across the same scarp. It runs straight irrespective of topography and is, 
therefore, high angled. The effect of this fault on the outcrop of the 
various rock units are local and include abrupt abutments of dissimilar 
formations, high dips (30*^  to 50*') in its vicinity, and development of 
folds of various magnitude in limestone and shales, ranging from minor 
wrinkles to symmetrical, non-plunging, open folds with wave lengths of 
2 to 5 m and amplitude of 30 to 6o cm (Plate III, Fig. 6). It is noteworthy 
that the axes of these folds are invariably parallel to the fault-trend and 
are seen only on the down-throw side. It appears that these folds are 
genetically related to faulting and are due to compression of the strata on 
the down-throw side. 
CHAPTER II 
SEDIMENTARY STRXTURES 
A variety of sedimentary structures have been observed and studied 
in the area of investigation with the twin object of establishing palaeo-
current patterns and elucidating the hydrodynamic niche during the sedi-
mentation of the "Upper" Vindhyan rocks. Ideally suited for this kind 
of study and, therefore, studied in detail, are some directional primary 
structures such as cross-stratification, ripple marks and parting lineation. 
Other primary structures such as flute cast, groove cast, load cast and 
flow rolls, are of minor significance because of their very restricted 
occurrence and have, accordingly, received relatively lesser attention in 
the present study. 
Although partial classifications of sedimentary structures have 
been proposed by several workers (McKee and Weir, 1953; Van Straaten, 
1953; Crowell, 1955; Kuenen, 1957; and Allen, 1962,1963a,b), attempts to 
classify all sedimentary structures have been made by only a few (Potter 
and Glass, 1958; Pettijohn 1957a, 1962; Potter, 1963). In the present 
study Potter's (1963) classification has been followed because, apart from 
being simple, it differentiates between directional and non-directional 
structures, an aim whicfr was found meaningful in the context of the present 
study. The structures occurring in the rocks of the study area are mostly 
- 21 -
- 22 -
associated with sandstones and shales, and are listed below. 
I. DIRECTIONAL STRUCTUkES 
A . One-way structures. 
1. Cross-stratification 
2. Asymmetrical ripple marks 
3. Flute cast 
B. Two-way structures. 
1. Symmetrical ripple marks 
2. Parting lineation 
3. Groove cast 
II. NON-DIRECTIONAL STRXTURES 
A. Resulting from deformation of soft sediments. 
1. Load structures 
2. Flow rolls 
B. Resulting from organic activities. 
1. Algal Stromatolites 
2. Doubtful organic structures 
DIRECTIONAL STRXTURES 
Cross-stratification 
General .- McKee and Weir (1953, p.381) defined cross-stratification as 
"the arrangement of layers at one or more angles to the original dip of 
the formation" and a cross-stratified unit as "one with layers deposited 
at an angle to the original dip of the formation". This structure (also 
known as current-bedding, false-bedding, diagonal-bedding and cross-bedding) 
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has received greater attention of sediraentologists as compared to other 
sedimentary structures and a great deal of literature exists regarding 
its significance and origin (see Potter and Pettijohn, 1963, p.62-63). 
Several attempts have been made in the past to classify cross-
stratification (Lahee, 1952; McKee and Weir. 1953; Pettijohn, 1962; 
Allen, 1963a) but there seems to be no general agreement on either the 
hasis of classification or cross-stratification terminology. McKee and 
Weir (1953), whose classification has been followed in the following pages, 
classified cross-stratification into three principal types on the basis of 
the nature of the lower bounding surface as, (a) simple cross-stratifica-
tion, having a non-erosional lower bounding surface, (b) planar cross-
stratification, having an erosional but planar lower bounding surface, 
and (c) trough cross-stratification (Knight, 1929), having a cuived erosional 
lower bounding surface. The last two types have been recognised in the 
study area. 
Studies on ancient and recent sediments have suggested various ways 
in which cross-stratification is formed. Broadly speaking, the important 
factors governing the formation of this structure are current velocity, 
flow characteristics and the rate of sediment supply. A review of the 
literature on this aspect of the study shows that most workers agree that 
cross-strata, specially when occurring in cosets, are formed by the migration 
of asymmetrical mega-ripples (Sorby, 1859; Gilbert, 1899; McDowell, 1957; 
McICee, 1957a; Pelletier, 1958; Allen, 1962, 1963a, b; Jopling, 1963). 
However, Knight (1929)-, Lahee (1952) and HcKee (1957a) suggested channel 
cutting and filling as responsible for the formation of trough cross-

EXPLANATION OF P U T E IV 
FIG. 1 Trough type cross-stratification seen in the 'a-b' plane. The 
bisectrix of the curved traces indicates true dip azimuth 
of cross-strata. 
Outcrop of Kairaur sandstone on road to Bhainsrorgarh about 1 km 
south of Sarita village, 
FIG. 2 Planar type cross-stratification seen in the 'a-b' plane. Note 
the straight traces of cross-strata in this plane. 
Outcrop of Kaimur sandstone near Ghulia falls. 
FIG. 3 Grouped sets of trough cross-stratification seen in the 'a-c' 
plane. Traces of cross-strata in this plane are concave 
upwards. 
Outcrop of Kaimur sandstone about 2 km east of Jhalarbaori. 
FIG. 4 Planar cross-strata seen in the 'a-c' plane. 
Outcrop of Bhander sandstone on top of first scarp north of 
Kolipura. 
FIG. 5 Symmetrical ripple marks with straight and rounded crests. Note 
the remarkable parallelism of the ripple crests. 
Outcrop of Kaimur sandstone in the Chambal river bed near 
Chulia falls. 
FIG. 6 Interference ripples in Rewa shale. 
Outside western gate of the walled town of Bhainsrorgarh. 
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stratification. 
Allen (1963b) studied the asymmetrical ripples in the light of their 
geometry, physical size and hydrodynamic conditions of their origin and 
developed models from natural conditions. He concluded that planar cross-
strata cosets are derived from asymmetrical ripples having straight and 
parallel crests, whereas small and large scale trough cross-strata cosets 
developed from the forward migration of trains of linguoid and lunate 
asymmetrical ripples, respectively. He further concluded that the scale 
of the cross-strata cosets depends upon the amplitude of asymmetrical ripples 
Both trough and planar types of cross-stratification occur in the 
study area but the former is much more dominant and occurs mostly in cosets. 
Due to the near horizontal disposition of strata, cross-stratification is 
mostly seen in the 'a - b' plane. Traces of trough cross-strata in this 
plane are semicircular (Plate IV, Fig.l) while those of planar cross-strata 
are straight (Plate IV, Fig.2). In sections parallel to 'a - c' plane the 
traces of trough cross-strata are concave upwards (Plate IV, Fig.3) while 
those of planar cross-strata are fairly straight (Plate IV, Fig.4). 
Cross-strata occurring in the different sandstone formations show 
considerable variation in their morphology and frequency of occurrence. 
In the lower part of Kaimur sandstone, the trough cross-strata more commonly 
occur in single sets. In the middle portion of the formation, they are 
profusely developed and mostly occur in cosets. Higher up in the sequence, 
the Kaimur sandstone becomes thin bedded and is characterised by planar 
cross-strata with occasional sets of trough cross-strata. At the top of 
the sequence, where the Kaimur sandstone becomes glauconitic, trough shaped 
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ripple cross-laminations occur in sets but their scale is very small, 
varyincf from 2 to 4 cm. Cross-stratification is rare in rocks of the 
Rewa 
Rewa group. The lower part of the/shale shows small scale, planar type 
ripple cross-laminations at frequent intervals particularly towards the 
top. In the overlying Rewa sandstone, cross-stratification of planar type 
is more common especially in the basal part. In the succeeding Bhander 
group, cross-stratification occurs only in the Bhander sandstone. At the 
base of the formation, cross-stratification is rarely seen and is of planar 
type, but little higher up in the sequence, trough type cross-stratification 
becomes common. 
Scale.- The measurement of cross-stratification thicknesses at all observa-
tion points was not possible because most exposures in the area are on flat 
grounds and suitable sections where the true thickness of cross-strata 
could be measured, are not readily available. Further, a great majority 
of cross-strata are trough shaped, and since their axial sections are rarely 
exposed, a correct idea about their thickness could not be made. Despite 
these limitations, some observation points did provide suitable exposures 
where the thickness of planar cross-strata could be measured. In the Kaimur 
sandstone,66 measurements were made at 8 localities while in the Rewa and 
Bhander sandstones only 29 and 21 measurements were possible at 2 and 3 
localities respectively (Appendix I). 
In the Kaimur sandstone, the modal thickness class, although incon-
spicuous, lies in the 10 to 15 cm class and contains 19 of the 68 measure-
ments made. However, 5] cross-strata are between 5 to 20 cm thick, although 
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the total range of variation is from less than 5 cm to more than 35 cm. 
The variation in scale of cross-stratification remains practically uniform 
throughout the thicknesses of this formation. The variation in cross-
stratification thicknesses is very irregular in the Rewa sandstone. Thick-
nesses less than 5 cm (ripple cross-laminations) and those between 10 and 
15 cm (cross-stratification) constitute the most prominent classes and 
together account for nearly 42 per cent of the measurements. About 28 
per cent thicknesses are equally distributed in the 25 to 30 cm and 40 to 
45 cm classes. This apparently Erratic distribution, however, becomes 
meaningful and significant when the variations are sttidied in a vertical 
sequence. Ripple cross-laminations occur at the base of the 8ewa sandstone 
but the scale of cross-stratification increases, as also does the thickness 
of the individual beds, as the sequence is traced upwards. The upper part 
of the sequence is massive and devoid of cross-stratification. In the 
Bhander sandstone, out of 607 cross strata examined, only 21 were found 
suitable for the measurement of thickness. Of these 14 are between 5 to 
15 cm thick, 3 less than 5 cm thick and 4 between 15 cm to .2 m thick. 
Inclination .- Pettijohn (1957b, p.472) defines cross-stratification 
inclination as the "dihedral angle between the plane of the cross-lamination 
and the plane of the true bedding". 
The inclination of 863 cross-stratification planes from the hori-
zontal was measured mostly on the "a - b" planes. Out of these,, 219 
measurements were made at 19 localities in the Kaimur sandstone, 41 at 4 
localities in the Bewa sandstone and 603 at 77 localities in the Bhander 
sandstone. Since the rocks under consideration are not tectonically deformed 
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and lie in a more or less horizontal position, no correction for the 
tilt of the strata was made in the inclination values of the cross-strata. 
The raw data are included in Appendix I and the frequency distribution of 
foreset inclinations is shown in Fig, 4 as histograms. 
The inclination of the foresets of cross-strata in Kairaur sand-
stone varies from to 35° but 76 per cent of them are inclined from 
10° to 25 ° . The modal class lies in the 10° to 15° class and contains 
35.5 per cent of the total inclination values. The frequency distribution 
of cross-stratification inclination is strongly skewed towards larger 
values. The arithmetic mean inclination (Ma) is 16.3° and the arithmetic 
standard deviation (<r) is 6 . 8 ° . In the Bewa sandstone, inclination values 
range from 5° to 35° but 87 .5 per cent of the measurements lie between 10° 
and 25 ° . The frequency distribution, however, is bimodal - the primary 
mode being situated in the 10° to 15° class and the secondary mode in the 
20° to 25° class. The bimodality of distribution of inclination values 
may be due to the paucity of data in the Rewa sandstone where only 41 
measurements could be made, "nje foreset Inclination values in Bhander 
sandstone show a near - normal distribution. The modal class lies in the 
15° to 20° class and contains 31 per cent of the total measurements 
while the proximate admixtures contain 28 and 29 per cent each. Thus, 88 
per cent of the inclination values lie between 10° and 25 ° . The arithmetic 
mean inclination and arithmetic standard deviation are 19° and 9.8° 
respectively. 
The above data Indicate that although cross-strata in all sand-
stone formations of the study area show an inclination range from 5° to 35°, 
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most of them (76 to 88 per cent) show inclinations of 10° to 25°, The 
range of inclination values, thus, falls well within the limits of sub-
aquously formed cross-strata and is lower than those formed by wind 
(McKee, 1940, 1957a; Pettijohn, 1957b; Pelletier, 1958; Farkas, I960; 
McBride and Hayes, 1962). It should be mentioned, however, that the dis-
tinction between subaquous and aeolian cross-strata on the basis of 
inclination of foresets alone is not established beyond doubt (Wright, 
1956; Yeakel, 1962), In the present case, other evidence such as the 
small scale of the cross-strata, associated primary structures like symme-
trical ripples and flute cast, occurrence of discontinuous intercalations 
of fine sand or coarse siltstone, wavy bedding at places and presence of 
gluconite in some cross-laminated units, make it clear that the cross-
strata were formed subaquously. 
Factors which influence the angle of inclination of foresets in 
undeformed subaquous and aeolian cross-strata are still not clearly under-
stood although field studies and laboratory experiments, indicate that the 
texture of sediments (Van Burkalow, 1945; McKee, 1957b; Farkas, I960), 
conditions of current flow{McKee, 1957b) and depositional environment 
(McKee, 1957a, 1965; Jopling, 1963) are the most important. 
Bipple Marks 
Shrock (1948, p. 93) defines ripple marks as "Undulating surface 
sculptures produced in noncoherent granular materials by the wind, by 
currents of water, and by the agitation of water in wave action". They 
are linear or curvilinear structures formed on bedding surfaces and occur 
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as low ridges separated by shallow troughs. Their study is helpful in 
providing information regarding the environment of deposition of sediments 
in which they occur and the hydrodynamic conditions under which they were 
laid down, as well as in determining the direction of palaeocurrents. 
Ripple marks have been recorded from fluvial, littoral, marine 
and aeolian environments (see Potter and Pettijohn, 1963, p. 90). Ripples 
formed by wind are rarely preserved (Bucher, 1919; Twenhof^l,. 1950; 
Pettijohn, 1957a), although McKee (1945) described aeolian ripples from 
the Coconino sandstone of Arizona. In a broad sense, the geometry of 
ripple marks depends upon the nature of the depositing agency although 
other factors such as rate of material supply and the immediate environ-
ment of deposition, also affect it. Symmetrical ripple marks are formed 
usually by wave action but observations of Van Straaten (1953) show that 
they could well be formed by currents. Likewise asymmetrical ripples 
are generally formed by unidirectional currents, but they could also 
originate by wave action ( Evans, 1941; Kuenen, 1950). 
• 
Various criteria have been used in classifying ripple marks, 
important among them being crest symmetry, appearance in plan view and 
their relation to currents or waves. Van Straaten (1953), realising 
that the supposed relationship between asymmetrical ripples and uni-
directional currents on the one hand and symmetrical ripples and wave 
action on the other was deceptive, suggested a classification based on 
orientation of ripples in relation to current direction. His three 
major types are: (1) longitudinal ripples, (2) transverse ripples, 
and (3) diagonal ripples. Allen (1963b) proposed a classification of 
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asy,mmetrical ripples based on a number of criteria such as geometrical 
form, physical size and the hydrodynamic conditions of origin. In the 
present study the time honoured three-fold classification of ripples into 
symmetrical, asymmetrical and interference types has been used because 
neither Van Straaten's nor Allen's classification was found useful, the 
former because of the difficulty of its application to ancient sediments 
and the latter because it pertains to only asymmetrical ripples. 
In the Kairaur sandstone, ripple marks occur profusely in strata 
below the glauconitic horizon (Plate IV, Fig.5). They are symmetrical 
as well as asymmetrical but always show straight, sub parallel rounded 
crests. In the Rewa group both the types of ripple marks described 
above occur in sandstones and shales but, in addition, interference ripples 
also occur in some thick bedded shales(Plate IV, Fig.6). Ripple marks 
occur in the Bhander sandstone also and are generally of symmetrical and 
asymmetrical types and in most of them the crests are rounded and rarely 
flat. 
The ripple index (Bucher, 1919, p. 154), which is a ratio of wave 
length to amplitude, varies from 5.5 to 17.5 in Kairaur sandstone, 7.5 to 
20 in Rewa group and 5.5 to 15 in Bhander sandstone (Appendix II). All 
values, thus, fall within the range of 4 to 20 which is thought to be 
characteristic of aqueous ripples (Kindle and Bucher, 1926; Twenhofel,-
1950). It is generally believed that the ripple index is higher for 
aeolian ripples than for subaqueous ripples (Kindle, 1917; Kindle and 
Bucher, 1926, 1932; Shrock, 1948; IWenhofel., 1950; Pettijohn, 1957a). 
It is suggested that the ripples under study are all formed by the agency 
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of water. 
Parting Lineation 
Parting lineation (Crowell, 1955, p.1361) is a term applied to a 
structure observed on exposed bedding planes and which occurs as "small 
warps, creases, or faint shallow grooves in the bedding planes and seem 
to have been formed during sedimentation". It is clearly observed when 
a well laminated sandstone is broken or parted along the bedding planes 
and is a very prominent primary structure associated with sandstones 
showing thin, even, and flat beds. 
The structure was first described by Sorby (1859) who concluded* 
that it was "grained in the line of the current" and that this structure 
developed only at a certain current velocity, later. Stokes (1947) suggested 
that the structure developed in rocks formed in shallow water moving with 
moderate velocity^ and marked by laminar flow. He also introduced the term 
"primary current lineation" for this structure. Allen (1964a)concluded 
that the structure was produced in the upper flow regime (Froude number > 
0.75) such as existing on beaches, river channels and tidal ebb-flood 
channels. Recently Potter and Mast (I963)i McBride and Yeakel (1963), 
and Allen (1964a)studied parting lineation in detail and concluded, on 
the basis of data obtained from microscopic and megascopic studies, that 
preferred dimensional grain orientation exists parallel to this structure 
and that the grain long axes show a low angled upstream imbrication. 
In the Bhander sandstone, parting lineation (Plate V, Fig.I) is 
very abundant and occurs throughout the formation from bottom to top, but 

EXPUNATION OF PLATE V 
FIG. 1 Hand specimen of Bhander sandstone showing parting lineation. 
FIG. 2 Outcrop of top portion of Rewa sandstone showing parting 
lineation. This structure is always associated with 
flat bedded sandstones. 
Chambal river section about 1.75 km northeast of Jaora Kalan. 
FIG. 3 Normal flute casts on soles of sandstone intercalations in 
upper part of Rewa shale. 
Road section beyond the northern gate of Bhainsrorgarh. 
FIG. 4 TVjisted flute casts on soles of sandstone intercalations in 
the lower part of Ganurgarh shale. 
Stream cutting about 5 km northwest of Bhainsrorgarh. 
FIG. 5 The sole of a tslab, of a sandstone intercalation in the lower 
part of Rewa sandstone showing a narrow groove cast and 
many bounce and prod casts. 
Stream cutting about 3 km northwest of Bhainsrorgarh. 
FIG. 6 Very wide and deep groove casts on the sole of a sandstone 
slab from the basal part of Rewa sandstone. 
Chambal river bed about 2 km northeast of Jaora Kalan. 
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is specially frequent near the base. It has also been recorded from 
Kaimur and Rewa sandstones though it is not very common. In all forma-
tions, this structure is restricted only to the thin, flat beds (Plate 
V, Fig.2). 
Sole Markings 
Flute cast Crowell (1955, p.1359) describes flute casts as "sharp 
subconical welts" in which "one end of the ridge is bounded or bulbous 
and the other flares out to marge gradually with the striated bottom 
surface of the sandstone layer". This structure is also known by other 
names such as "lobate rill mark" (Shrock, 1948), "flow mark" (Rich, 1950), 
"scour cast" (Kingma, 1958) and "vortex cast" (Wood and Smith, 1959). 
Flute casts occur on the under side of sandstone beds which rest on shale 
or mud and have been reported from different environments such as shallow 
water, beach, and from deposits attributed to turbidity currents. 
Different views have been put forward regarding the origin of this 
structure. Dzulynski and Radomski (1955) believe that flutes are "formed 
by currents and then left uncovered, the deposit now found on the top 
having been dropped by later currents which did not touch the bottom". 
Crowell (1955), Klein (1964), and Briggs and Cline (1967), also believe 
that flutes are cut by normal currents and that the sand is deposited later 
by other currents. However, Kuenen (1957) expressed the opinion that the 
current-scoured depressions were filled immediately after excavation by 
the same current. This conclusion is based on the fact that the compo-
sition of the filling material matches with the composition of the over-
lying bed and that the very nature of turbidity currents was against the 
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idea of cutting and filling by different currents. According to Hsu 
(1960) when the turbulent waters of turbidity currents difectly impinge 
on a raud^sea bottom, subconical depressions are produced which are 
eventually preserved as flute casts on the under surface of the overiying 
sandstone. 
In the study area flute casts are perfectly preserved on the 
under side of sandstone intercalations in Bewa and Ganurgarh shales. Although 
flute casts show variation in their size, the character of these markings 
remains uniform .The length; varies from 0.5 to 60 cm and height from 0.3 to 
7 cm. The striking feature of these sandy intercalations is that while 
the underlying surface shows flute casts, the upper surface is marked 
by parting lineations, suggesting increasing flow regime. Generally, the 
normal type of fluting is recorded in these fonnations (Plate V,Fig.3) 
but at some places flute casts are slightly twisted (Plate V, Fig.4). 
Groove cast.- The term "groove cast" was applied by Shrock (1948) for 
structures showing long narrow ridges, usually straight, on the bottom 
of sandstone beds. TTiey represent grooves which once existed on the surface 
of underlying soft pelitic sediments and now filled with sand. They show 
remarkable uniformity of width, relief and direction, although sometimes 
they deviate from the common direction. 
Shrock (1948) has expressed the opinion that groove casts are 
formed in shallow water, clastic layers. Kuenen (1957) used the terra in 
a broader sense to include "drag mark casts" and "slide mark casts". He 
opined that drag marks were formed due to the scouring of the underlying 
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layer by debris carried by current and are, thus, parallel to the line 
of current movement. The term "slide mark", on the other hand, is applied 
only to structures produced on a mud surface by slumping or sliding of 
oveilyiirg-s^d4menti.,,__Sj^ striations do not give any indication regard-
ing the current direction. Hsu (1960) discussedthe~o^tgtTr-o^-^t4^1s-
structure and concluded that they are formed by turbidity currents. The 
idea that groove casts are current produced is now generally accepted. 
The tools responsible for grooving may be of any kind such as algal anchor 
stones (Shrock, 1948), sand grains (Crowell, 1955), water logged plant 
debris, shells, etc. (Kuenen, 1957) and shale fragments derived from 
penecontemporaneous erosion (Dzulynski and Rodamaski, 1955; Wood and 
Smith, 1959; McBride, 1962). 
In the Kbta-Rawatbhata area, groove casts are very well preserved 
on the under surface of Bewa sandstone and range in size from very faint 
and narrow ridges (Plate V, Fig. 5) to ridges more than 30 cm wide (Plate 
V, Fig.6). The relief of the ridges varies from less than a millimeter 
to as much 5 cm. These straight ridges are parallel to sidb - parallel and 
extend upto several meters. The origin of these groove casts seems to 
be related to dragging of large and small shale fragments on the underlying 
soft shale bed. As mentioned earlier, the Rewa sandstoiiie in the Chambal 
river section shows frequent thin intercalations consisting of very thin 
and flat shale pebbles. It is possible that these shale fragments, 
products of dessication and local reworking, were carried by currents and 
dragged over soft, freshly deposited mud. 
Bounce cast.- The term bounce cast was proposed by Wood and Smith ( 1 9 ^ , 
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p.168) for the "fine, discontinuous parallel ridges usually difficult 
to see other than with inclined lighting" and which fade out on either 
end. Dzulynski and Radoraski (1955) described similar structures consist-
Ing of small narrnw ririgps nptn R nm long nn thf^  iinriar siirfac.o of caiifl-
stones from the Carpathian Flysch and running parallel to the direction 
of current flow. Dzulynski ^ al.. (1959, p.1117) opined that they are 
"produced by objects grazing against the bottom and rebounding, leaving 
behind a shallow groove fading out gradually at both ends". They also 
concluded that the long bounce casts and short groove casts are very 
similar. 
Bounce casts are observed on the soles of sandy intercalations 
in the Rewa and Ganurgarh shales (Plate V, Fig,5). These small ridges 
vary from 0.2 to 3.5 cm in length and 0.1 to 0.5 cm in width. 
Prod cast.- The term "prod cast" was proposed by Dzulynski and Slazka, 
(see Potter and Pettijohn, 1963, p. 124) for short ridges which have one 
blunt end and fade out on the other end. They have also been termed as 
"Impact cast" (Radomski, 1958). Prod casts are formed by the prodding 
of an object on the soft underlying layer (Dyulynski et. al.. 1959). This 
structure is common on the soles of sandy intercalations in Rewa and Ganur-
garh shales. The length of the ridges range from a few milimeters to as 
much as 10 cm but their width and height seldom exceed 1 cm (Plate V, Fig.5) 
These short ridges are parallel to subparallel and have a deeper down 
current end. 
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NON-DIBECTIONAL STRUCTURES^ 
Load Structures 
These are irregular cushion-like, hemi-spherical bulges and 
depressions present on the soles of some sandstone beds. Shrock (1948) 
described them as "flow casts" but later Kuenen (1953) (also see Kuenen 
and Prentice, 1957) renamed them as "load cast". Since these structures, 
unlike flute casts, are not "casts" in the real sense, Sullwold (1959) 
proposed the terras "load pockets" and "load folds" for varieties of this 
structure, while Dzulynski and Walton (1965) suggested the use of the 
terra "load structure" to replace the term "load cast". 
Shrock (1948) believed that "soft hydroplastic sediments, if 
unequally loaded with sand and gravel, yield to the weight of the super-
incumbent load by flowing". Kuenen and Prentice,(1957, p.173-177) agreed 
with Shrock and suggested that "load cast^' were produced due to "the vertical 
adjustment of the basal material to unequal loading". According to 
Dzulynski and Walton (1965, p.143), it is often very difficult to distin-
guish between load and flow structures due to the fact that in many cases 
the two processes have operated together. They distinguished between 
the various types of load structures on the basis of their origin, namely, 
(1) load structure produced from original current marks, (2) those 
produced by differential deposition, and (3) those due to waves. 
Load cast occur frequently in the study area on the soles of some 
sandstone intercalations resting on shale beds and are particularly common 
in Ganurgarh and Rewa shales. In the former (Plate VI, Fig.l) the load 

EXPLANATION OF PLATE Vl 
FIG. 1 Load-deformed flute casts (?) on the undersurface of a slab 
of a sandstone intercalation in Ganurgarh shale. 
Stream cutting about 5 km northwest of Bhainsrorgarh. 
FIG. 2 A load-deformed sandstone channel in the upper part of Rewa 
shale. 
Road section beyond the northern gate of Bhainsrorgarh. 
FIGS.3&4 , Flow rolls in the upper part of Rewa shale.occurring as iso-
lated, twisted,elongate bodies within a shale unit 
(Fig. 3) or in discontinuous layers (Fig. 4). 
Road section beyond the northern gate of Bhainsrorgarh. 
FIG. 5 Part of a large algal dome. The upper hemispheroidal layers 
overlap the successively lower ones. The degree of 
convexity of the algal laminae Increases from the base 
of the structure upwards. 
Outcrop of Bhander limestone in Caiambal river section. 
FIG. 6 Type LUi-C stromatolites seen in transverse sections. Note 
the distorted outlines of the structures. 
Outcrop of top portion of Bhander limestone in the Chambal 
river section. 
FIG, 7 Doubtful organic structures in Bhander sandstone. 
Chambal river section near confluence of Eru nadi. 
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structures appear to be due to the deformation of the original flute casts 
since all gradations from normal flute casts to typical load structures can 
be seen. In the Rewa shale, however, this structure is related directly to 
differential loading of the underlying shale by thick lenticular channel 
sandstones (Plate VI, Fig. 2). 
Flow Rolls 
The term flow rolls was proposed by Pepper et. aX. (1954) for elongate, 
flattened structures giving the impression of having being rolled. Flow 
rolls have been described under different names such as "ball or pillow form 
structure" (Smith, 1916), "pseudo nodules" (Macar, 1948, quoted in Sorauf, 
1965), "ball and pillow structure" (Potter and Pettijohn, 1963), but all 
these terms are non-descriptive and genetically non-committal. 
This structure has been attributed to subaqueous sliding and/or slump-
ing (Smith, 1916; Jones, 1937; Cooper, 1943; Kuenen, 1949), to wave action 
(Chadwick, 1931), to lead deformation (Pepper et al.. 1954), inter-stratal 
slippage (Hayashi, I960) and to vertical foundering (see Sorauf,1965,p.560-
561). Dunber and Rogers (1957, p.194) concluded that they are formed "on 
gentle slopes of the sub-littoral zone where layers of sand alternate with 
layers of soft mud and where deposition is rapid". Kuenen (1958) concluded 
that flow rolls could be formed even without slumping as a result of 
thlcksotropic foundering of loaded sand portions into the mud. Sorauf (19^) 
came to the conclusion that this structure originated by foundering and 
load deformation of sand channels during sedimentation. 
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Flow rolls are well preserved in the upper part of Rewa shale in 
the vicinity of Bhainsrorgarb. They are composed of fine sandstone or 
coarse sil^stone and occur either as isolated, often twisted eliptical 
bodies (Plate VI, Fig.3) enclosed within the shale or in discontinuous 
layers (Plate VI, Fig.4). They are closely associated with lenticular 
sandstone channels which are often deformed along their basal surface by 
loading. They show no evidence of slumping or any kind of lateral movement, 
Their association with loaded, lenticular channel sandstones and diapiric 
anticlines in the underlying shales support the conclusion of Sarauf 
(1965, p. 562) that they could have formed "by detatchment of load pockets 
and breaking up of deformed layers of sand". 
ORGANOSEDIMENTABY STRUCTURES 
Algal Stromatolites 
Algal stromatolites are laminated structures believed to have 
been formed by the activity of blue-green algae and, although of organic 
origin, are neither organisms nor parts of organisms (Cloud, 1942). Logan 
^ §2.. (1964, p.81) define stromatolites as "organosedimentary structures 
formed by the activity of algal mats in binding fine particulate sediments". 
The resulting crusts may acquire different forms under different environ-
mental conditions; they may be (1) nearly flat, crinkled films ("weedia" 
type stromatolite), (2) slightly arched into discrete or laterally linked 
hemispheroidal forms (Collenia type stromatolite),or (3) very convex, 
discrete, club-shaped or columnar forms (Cryptozoon type of stromatolite) 
(Pettijohn, 1957a,p.222; Logan ej^aj.., 1964, p.71). Logan e t a l . , (1964, 
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p.71), believe that "the greatest majority of described and figured 
structures are compound and are formed by combination of both Crypfttozoon, 
and Collenia characters at various stages of development". 
Auden (1933) described certain structures in the Fawn Limestone 
of the Serari "Series" ("Lower" Vindhyan) in the Son valley (Mirzapur district. 
Uttar Pradesh) which, according to him, resembled Cryptozoon. but somehow 
he concluded that the structures were of inorganic origin produced as a 
result of weathering of the limestone. The organic (algal) origin of this 
structure was, however, established beyond doubt by Mathur et. (1958) 
and Mathur et ai. (1962). Mathur (1965b)restudied this algal stromatolite 
and concluded that it belongs to the form Collenia and regarded it as a new 
form genus Indophyton, Rajnath and Singh (1965), on the basis of geochemical 
studies, disputed the algal mode of origin of these structures and concluded 
that "The conical ring structures are of inorganic origin and are related to 
sink holes". However, the algal origin of these stromatolites is accepted 
by most workers and there appears to be no doubt about it (Mathur, 1965b; 
Misra, 1969; Valdiya, 1969). 
Hisra and Awasthi (1962b)reported the widespread occurrence of 
Collenia in the "Lower Bhander Limestone" in Maihar, Satna district, Madhya 
Pradesh. Valdiya (1969) recognised Collenia baicalica in these rocks and 
concluded that they may be correlated with the "Lower Deoban Limestone" of 
the Qiarwal region. He also compared the Bhander stromatolites with the 
middle Riphean stromatolites of Ural and eastern Siberia. 
Algal stromatolites are reported for the first time by the writer 
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in Bhander limestone in the Kota-Rawatbhata area. They occur in two 
horizons in the blue massive limestone - one in its basal part and the other 
near its top in the Chambal river bed about 3 Km northeast of Jaora f&ilan. 
The stroraatolitic horizons are neither persistent laterally nor vertically 
but are lenticular, dying out at some places and re-appearing at others. 
Large algal domes consisting of discrete, vertically stacked hemispheroids, 
not linked laterally to other hemispheroids, (Type SH - V of Logan al.. 
1964, p.75, fig. 3,a) occur in the basal horizon. The upper hemispheroidal 
layers of this structure overlap the successively lower ones and the degree of 
convexity increases from the base upwards (Plate VI, Fig.5>). Such domes 
are several meters across the basal radius and about a meter in amplitude. 
According to Logan et al., (1964, p.75) "Vertical height is determined 
in recent forms by the distance between the base of the structure and high 
water level. Structures of 60-75 centimeters height are known from Shark 
Bay, western Australia, and fossil forms upto 180 centimeters high are 
recorded". Such structures are believed by them to have formed by "succe-
ssive algal cappings or laminae over pre-existing irregularities". 
The top horizon of the limestone contains smaller structures of the 
Type LLH-C of Logan et §1. (1964, p. 74, Fig.2, a). In transverse sections, 
the stromatolites appear as close-linked hemispheroids with crudely circular 
and often distorted outlines and measuring between 8 to 15 cm in diameter 
(Plate VI, Fig,6). The concentric laminae constituting the spheroids, are 
from 0.5 to 2 mm thick and comprise alternate layers of fine and coarse 
calcite. 
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The environmental significance of these structures is discussed 
elsewhere. 
Doubtful Organic Structures 
During the course of field work in the study area, the writer 
came across certain structures in one of the shale intercalations in 
Bhander sandstone at a place where the Eru nadi joins the river Chambal, 
which could perhaps be attributed to some organic agency (Plate VI, Fig.7). 
The structures, which are essentially casts, are similar to those described 
by Young (1967) from the Early Proterozoic (Huronian) rocks of Ontario, 
Canada. They also bear close similarity to "Arthrophycus" illustrated by 
Pettijohn and Potter (1964, Plates 70A and 70B). 
The tube-like casts, which are from less than 1 cm to more than 
6 cm in length, are very narrow and of low relief. Many of them overlap 
each other at different angles and some even bifurcate but, unlike the 
structures described by Young (1967), they do not contain medial longi-
tudinal ridges. The tubes are elongate, flattened and often curved and 
invariably taper at both ends. They do not show any regular pattern in 
their distribution and it is most unlikely that they are "pseudo mud cracks" 
described by Dzulynski and Walton (1965), Although the origin of these 
structures is indeterminable, it is possible they could be worm burrows 
(Pettijohn and Potter, 1964) or casts of vermiform organisms (Young, 1967). 
Chapter - III 
PETROGRAPHY 
METHODS OF STUDY 
Most sandstones under investigation are cemented with silica 
which has grown in optical continuity with the detrital grains. The 
rocks are, thus, hard and compact, and render ineffective all attempts 
to disaggregate thera for textural or compositional studies. Even 
those specimens which are partly iron-oxide cemented, could not be 
disaggregated and recourse was, therefore, taken to thin section analyses 
for studying all their textural and compositional attributes. 
Grain Size Analysis 
Friedman (1958) discussed the problems of grain size analysis 
made from thin sections and concluded that the quartile measures of the 
grain size distribution obtained by sieve analysis bear a linear relation 
with the quartile values derived from thin section analysis. He developed 
an ingeneous graph for converting thin section grain size parameters to 
sieve size parameters without mathematical computations. According to 
Friedman (1958, p.394), "Thin section analyses are independent of dis-
aggregation problems and therefore represent the most promising approach 
to the study of grain-size distribution in non-friable rocks". Despite 
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controversy regarding the reliability of this method of grain size, 
analysis raised by Van der Plas (1962, 1965), this method is generally 
believed to be reliable and perhaps the only way of studying the size 
frequency distributions of strongly indurated sediments (Pettijohn 
et al.., 1965; Stauffer, 1965; Friedman, 1965a, b). 
The apparent long axes of 200 grains which could be clearly dis-
tinguished from the overgrowths, were measured per thin section with the 
help of micrometer eyepiece using the technique described by Chayes 
(1949) for making regular traverses across the slide. The Phi equivalent 
of millimeter values were obtained by consulting the excellent conversion 
table published by Page (1955) and the data were grouped into size classes 
with intervals of 0.5 0. Cumulative curves were then drawn on the graph 
developed by Friedman (1958) to determine the sieve size equivalents 
of the thin section percentile data. The statistical measures developed 
and defined by Folk and Ward (1957) were used to describe the character-
istics of the size frequency distribution. 
Roundness of Grains 
Several methods and scales for the determination of roundness of 
grains are available (Russel and Tayler, 1937; Krumbein, 1941; Powers, 
1953; Folk, 1955; Pettijohn, 1957a]|,bHt in the present study the method 
developed by Waskom (1958) has been followed. It consists of assigning 
individual grains to appropriate Powers' classes on the basis of the 
slightly modified version of the criteria originally described by Pettijohn 
(1957a,p.58-59). 
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Roundness estimations were made from thin sections, and in order 
to ensure regular traverses, the point counting technique described by 
Chayes (1949) was used. One hundred detrital quartz grains whose 
boundaries could be clearly distinguished from the overgrowths, were 
treated in each thin section and the data were grouped into Powers' 
(1953) roundness classes. The arithmetic mean roundness for each sample 
was then computed following Krumbein and Pettijohn (1938). 
Shape of Grains 
The shape of the detrital grains is described in terms of elonga-
tion ratio (long axis/short axis) (Bokman, 1952). The length and breadth 
of 100 detrital quartz grains were measured in each thin section with the 
help of micrometer eyepiece and the ratios were grouped into classes with 
an interval of 0.2. 
Modal Composition 
Thin sections of sandstones were quantitatively analysed for 
their percentage composition using a Swift automatic point counter 
fitted to a petrological microscope. Since opinions differed as to 
the total number of grains that should be counted to obtain a reliable 
estimate of the mineral composition of a given sample (Potter and 
Pettijohn, 1963, p.193), successively 200, 300, 400, and 500 grains 
were counted from randomly selected thin sections. The per cent compo-
sition of each constituent in the rock was then computed and plotted on 
a graph against the total number of points counted. It was found that 
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the curve flattened out between points representing 300 and 400 counts, 
indicating thereby that counting 300 to 400 grains per slide was sufficient 
to give a reliable idea about the composition of the rock. Hov/ever, 500 
grains per thin section were counted for determing the modal composition 
of rocks under investigation. 
Heavy Mineral Separation 
The sandstones under investigation being silica cemented and not 
amenable to disaggregation, were crushed to fine size in an iron mortar. 
The crushed sample was sieved and 100 to 200 gm of the fraction finer 
than 120 mesh but coarser than 240 mesh was used for heavy mineral 
separation according to the method outlined by Krumbein and Pettijohn 
(1938, p.343, Fig. 153), using bromoform of specific gravity 2.87 as the 
separating liquid. The heavy mineral crop was washed with alcohol, dried, 
weighed and mounted permanently in Canada balsam. 
A. NON.GLAUCONITIC SANDSTONES 
TEXTURES 
Mechanical Composition 
The results of 89 thin section grain size analyses of non-glauconitic 
sandstones, 30 each from the Kaimur and Rewa sandstones and 29 from the 
Bhander sandstone, appear in Appendix III and the statistical parameters 
calculated from the cumulative curves (Figs. 5-7) are listed in Appendix 
IV. Table 2 summarises the size frequency characteristics of the sandstones 
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occurring in the various formations. 
Kaimur sandstone.- Of the 21 samples of the common variety of Kaimur 
sandstone analysed, 19 show a near normal and unimodal size frequency 
distribution, while 2 are weakly bimodal. In all samples the modail 
class lies in the 1.5 - 2 0 size class (medium sand) and contains 24.5 
to 45 per cent (average 35 per cent) of the total number of grains measured. 
The size frequency data are spread over 6 to 8 half-phi classes, that is, 
3 to 4 Ddden grades. The average mechanical composition is shown in 
Fig. 8(a) as histogram. The graphic mean size of samples varies from 
1.93 to 2.50 0. Most samples (18 out of 21) are moderately sorted while 
only 3 are well sorted. The frequency distribution in 14 samples is 
positively skewed while in only 3 it is symmetrical, indicating that, by 
and large, the fine admixture exceeds the coarse in most samples. The 
graphic kurtosis values are highly variable and range from very platykurtic 
to very leptokurtic. 
The mechanical composition of the flat--bedded sandstone interbeds 
(Fig. 8b), occurring in the middle and upper parts of the Kaimur sandstone, 
is different from that of the common variety. Of the 9 samples of 
interbeds analysed, none is bimodal and all show a near-normal distribution. 
In 5 samples the modal class lies in the 2.5 to 3 0 class and contains 
37.5 to 53 per cent of the material while in 4 it lies in the 2 to 2.5 0 
class and contains 30 to 38 per cent of the material. Although the 
number of samples analysed is small, there is an indication that the fine 
grained samples show a higher degree of peakedness. The size data are 
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spread over4to8 half-phi classes (2 to 4 Udden grades). The graphic mean 
size of samples ranges from 1.98 to 3.13 5 samples are well sorted 
while 2 each are respectively very well and moderately sorted. All samples 
show symmetrical or slightly positive skewness and are mesokurtic to 
leptokurtic. The flat-bedded interbeds, therefore, are finer grained, 
better sorted, more symmetrically skewed and are more homogeneous in their 
peakedness as compared to the bulk of the sandstone in which they occur. 
It is noteworthy that the interbeds are texturally homogeneous despjte 
the fact that the samples come from different stratigraphic levels and 
from different localities. 
Rewa sandstone.- In contrast to the Kaimur sandstone, the Rewa sandstone 
is finer grained, the modal class falling in the 2.5 to 3 0 ss t ^ class 
in 13 samples and in the 2 to 2.5 0 class in 8 samples. The size frequency 
distribution is spread over 5 to 8 half-phi classes. In 19 samples it is, 
by and large, symmetrical and unimodal while in 2 samples it is weakly 
bimodal. The modal class contains 25.5 to 40 per cent (average 32.2 per 
cent) of the total number of grains measured. The average mechanical 
composition of the common cariety of Rewa sandstone is shown in Fig. 8(c). 
The graphic mean size of samples ranges from 2 to 2.98 0. Out of 21 
samples analysed, 13 are moderately sorted, 7 are well sorted and only 1 
is poorly sorted. Nearly half the samples are positively skewed, the 
remaining showing either symmetrica] or very positive skewness. 7 samples 
are very platykurtic while 10 and 4 respectively are mesokurtic and 
leptokurtic. 
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The sandstone units occurring interbedded with shale in the 
basal part of the formation are,on an average, coarser than the bulk 
of the sandstone in the middle and upper portions (Fig. 8d). The model 
class in 7 of the 9 samples studied lies in the 1.5 to 2 0 class while 
in 2 it is located in the 1 to 1.5 0 class. The amount of material 
present in the modal class varies from 23 to 37 per cent (average 26 
per cent) of the total sample. The graphic mean size of samples ranges 
from 1.97 to 2.38 0. Most samples are moderately sorted, symmetrically 
or positively skewed and show a wide range of kurtosis values although 
more than half the samples are mesokurtic. 
Bhander sandstone.- The common variety of Bhander sandstone is relatively 
finer grained (Fig. 8e ). Of the 15 samples of this type of sandstone 
analysed, the modal class in 8 falls in the 2.5 to 3 0 class and in 7 
in the 2 to 2.5 0 class and contains 28 to 47 per cent (average 34 per 
cent) of the material. The graphic mean size varies from 2.0T i. 
to 3.29 0. The size frequency data are spread over 4 to 6 half-phi classes 
(2 to 3 Udden grades) and most samples (12 out of 15) are well sorted, 
the remaining 3 being moderately sorted. 8 samples are positively 
skewed, 6 are symmetrically skewed while only 1 shows negative skewness. 
While most samples are mesokurtic, some are leptokurtic to very leptokurtic. 
14 samples of channel sandstone in this formation were analysed 
for their mechanical composition and in all except one, the modal class 
lies in the 1.5 to 2 0 class. The size data are spread over 6 to 8 
half-phi classes (3 to 4 Udden grades) and in most of them the fine admixture 
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exceeds the coarse. The modal class contains 33 to 50 per cent (average 
38 per cent of the entire population except in one sample where the modal 
class lies in the 1 to 1.5 ^ class and contain 28 per cent of the total 
number of grains measured. The average mechanical composition of channel 
sandstones is shown in Fig. 8(f). The graphic mean size of samples 
ranges from 1.90 to 2.45 0. By and large, the channel sandstones are 
moderately sorted although 3 samples are well sorted and 1 very well 
sorted. The size frequency distribution is positively to very positively 
skewed and most samples are mesokurtic. 
As mentioned elsewhere, the predominantly fine grained Bhander 
sandstone often passes upwards into a very fine grained variety and 
ultimately into shale. This very fine grained variety was not analysed 
for its mechanical composition due to difficulties in measuring the 
diameters of large quantities of silt-sized grains in thin sections. Most 
grains, however, range in their long diameters between 3.5 and 4 0 and 
are well sorted and apparently very positively skewed. 
Roundness of Grains 
The data on roundness of quartz grains in sandstones of the study 
area are based on the thin section study of 30 samples (10 each from the 
Kaimur, Rewa and Bhander sandstones) and are listed in Appendix V. Table 3 
summarises the roundness statistics of the various formations. 
Kaimur sandstone.- The common variety of Kaimur sandstone differs 
considerably from the fiat-bedded interbeds occurring within them in the 
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middle and upper parts of the sequence, in respect of roundness of the 
detrital grains as well (Table 3). Quartz grains in the former show a 
wide range of roundness values which are spread over 4 roundness classes -
from the sub-angular to the well rounded classes. In 4 samples out of 5, 
the modal class lies in the "rounded" class whereas in the remaining sample, 
it lies in the "sub-rounded" class. The modal class contains 32 to 69 
per cent (average 53 per cent) of the total grains, but 62 to 88 per cent 
(average 78 per cent) of the grains are rounded to well rounded. The 
arithmetic mean roundness of samples varies from 0.55 to 0.63 and averages 
0.62. The quartz grains of the interbeds show the same range of roundn^ess 
values as shown by their counterparts in the common variety of the sandstone 
and are, likewise, sub-angular to well rounded. In 4 samples out of 5, the 
mode lies in the "rounded" class and in one it falls in the "well rounded" 
class. The modal class contains 45 to 65 per cent (average 55.6 per cent) 
of the grains but 83 to 94 per cent of the grains are rounded to well rounded, 
The arithmetic mean roundness of grains of the interbeds varies from 0.64 
to 0.72 and averages 0.66. On the whole, therefore, quartz grains in the 
interbeds are better rounded than those of the commonly occurring variety 
of the Kaimur sandstone. 
Fig. 9(a) shows graphically the frequency distribution of roundness 
values in the Kaimur sandstone as a whole. The composite data indicate that 
even when the entire Kaimur sandstone is considered, the detrital quartz 
grains show better rounding as compared to the quartz grains of the other 
sandstone formations in the area. 
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TABLE 3.- ROUNDNESS CHARACTERISTICS OF DETRITAL GRAINS IN 
NON-GLAUCONITIC SANDSTONES 
I Position of mode I Percentage of i Arithmetic mean 
! sub- L ! well- i ! roundness 
isamplel . JRoundedi . J modal class I 
^rounded^ ^rounded^j j A v e r a ^ l Range i Average 
Formation*^®-
Bhander 
sandstone 10 
(composite) 
Rewa 
sandstone 10 
(composite) 
Kaimur 
sandstone 
-common 
variety 
Flat-bedded 
interbeds 
10 
61-73 64.4 0.39-0.67 0.48 
56-76 66.3 0.39-0.43 0.40 
32,69 53.0 0.55-0.63 0.60 
] 45-65 55.6 0.64-0.72 0.66 
Composite 10 8 32-69 54.3 0.55-72 0.63 
Rewa sandstone.- The detrital quartz grains in Rewa sandstone are angular 
to rounded, and in every sample analysed the modal class falls in the "sub-
rounded" class of Powers (1953) and contains 56 to 76 per cent (average 66 
per cent) of the total number of grains measured (Table 3). The arithmetic 
mean roundness of grains varies from 0.39 to 0.43 in the various samples 
and averages 0.40. 
It is noteworthy that the roundness of detrital grains of the common 
variety of Rewa sandstone does not differ from those of the sandstone 
intercalations occurring in the basal shaly part of the formation. A 
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comparison of histograms showing the roundness characteristics of sandstones 
(Fig. 9 a and b) shows that quartz grains of the Rewa sandstone are markedly 
less rounded than those of the Kairnur sandstone. 
Bhander sandstone.- No difference has been noted between the roundness 
values of quartz grains in samples of the common variety of Bhander sand-
stone and those of sandstones occurring in the erosional channels. However, 
the sample to sample variation in roundness in the two varieties is large. 
In 6 samples out of 10 taken from both the varieties, the grains are angular 
to rounded and the mode falls in the "sub-rounded" class. The modal class 
contains 61 to 70 per cent (average 67 per cent) of the grains and the 
arithmetic mean roundness varies from 0.39 to 0.42 (average 0.41). In 
the remaining 4 samples, the grains are sub-rounded to well rounded and 
the mode is situated invariably in the "rounded" class and contains 6l to 
73 per cent (average 65 per cent) of the grains. The arithmetic mean 
roundness in these samples varies from 0.56 to 0.67 and averages 0.60. 
Fig. 9(c) summarises the roundness characteristics of grains in 
Bhander sandstone. 
Shape of Grain 
The data on the elongation ratio of quartz grains in the different 
sandstone formations of the area appear in Appendix VI and the composite 
data for each formation is shown graphically in Fig. 10 (a-c). 
The quartz grains show a wide scatter of the ratio of long to short 
axes but the patterns of variation are different in the Kaimur, Rewa and 
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Bhander sandstones. In the Kaimur, the frequency distribution of the 
elongation ratio of 600 quartz grains is unimodal and highly skewed towards 
larger elongation values. The modal class falls in the 1.4-1.6 elongation 
class and contains 22 per cent of the values. 25 per cent grains have 
elongation ratios larger than 1.8. The elongation data of Bewa sandstone, 
also based on the measurements of 600 grains, is biraodal. The primary 
mode lies in the 1.4 to 1.6 elongation class and the secondary mode in 
the 2.0 to 2.2 class, indicating admixture of moderately and highly elongated 
grains. The moda] class in inconspicuous and contains 19 per cent of the 
values. 32 per cent grains have elongation ratios larger than 1.8. A 
biraodal distribution of 800 measurements, with the primary mode in the 
1.0-1.2 elongation class and the secondary mode in the 1.4-1.6 elongation 
class, is characteristic of quartz grains of the Bhander sandstone. However, 
the bulk of the quartz grains in these sandstones have a small elongation 
ratio inasmuch as only 18 per cent of the grains show an elongation ratio 
of more than 1.8. 
Nature of Grain Contacts 
The nature of contacts between grains and the resultant packing of 
the framework constituents are highly variable in the sandstones under 
study. In most samples, the grains show tangential contacts and some grains 
even appear to "float" (Plate VII, Fig. 1). In all such specimens, the 
original grain outlines are clearly visible, there is an abundance of 
cement, and there is no evidence of pressure solution. Such samples show 
a "normal" framework and possess a primary fabric. In some other samples. 

EXPUNATION OF P U T E VII 
PHOTOMICROGRAPHS OF THIN SECTIONS OF "UPPER" VINDHYAN 
SANDSTONES SHOWING NATURE OF GRAIN CONTACTS 
FIG. 1 Most grain contacts are tangential and the framework of the 
rock is normal. Secondary quartz overgrowths form the 
cement. There is no evidence of pressure solution. 
Bhander sandstone. Crossed nicols (x 140). 
FIG. 2 Grain contacts are tangentici as well as long but^ original 
grain boundaries are distinct. Amount of quartz cement 
is appreciable and the prl-^.y fabric is intact despite 
slight condensation of the framework. The rock Is 
slightly pressolved. 
Kaimur sandstone. Crossed nicols (x 140). 
FIG. 3 Moderately pressolved rock showing concavo-convex grain 
contacts. Interpenetration of grains very common but 
original grain boundaries can be made out. Amount of 
quartz cement is small. 
Bhander sandstone. Crossed nicols (x 50). 
FIG. 4 The rock is highly pressolved. Grain contacts are concavo-
convex and sutured. There is practically no cement and 
the primary fabric of the rock is completely obliterated, 
Kaimur sandstone. Crossed nicols (x 50). 
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the grain contacts are long as well as tangential but "floating" grains 
are rare (Plate VII, Fig. 2). Original grain outlines are clearly dis-
cernable despite long contacts and slight degree of pressure solution. 
The original depositional fabric remains undisturbed and the framework is 
very slightly condensed resulting in some decrease in primary porosity 
but the amount of cement in such rocks is appreciable. In some samples, 
however, the degree of condensation of the framework has proceeded a step 
further and the grains show concavo-convex contacts due to interpenetration 
of framework constituents (Plate VII, Fig. 3). The original grain boundaries 
can still be made out and the rocks have not acquired a deformation fabric. 
There is very little cement and the compaction of the rock is more due to 
''welding" of the grains than due to cementation. 
In contrast to the above mentioned types of grain contacts which 
are most common, there are some specimens which show flattened grains with 
concavo-convex to sutured contacts (Plate VII, Fig. 4). Practically no 
cement occurs in these rocks and the primary fabric of the rock has been 
obliterated as a result of condensation and pressure solution. Such 
specimens, though not common in the study area, occur sporadically in all 
the sandstone formations. 
On the basis of the varying degree of pressure solution undergone 
by the quartz grains, the sandstones of the study area may be grouped into 
the following four types defined by Thompson (1959): (1) unpressolved 
(2) slightly pressolved (3) moderately pressolved and (4) highly pressol-
ved. In the terminology of Skolnick(l965), the first type may be referred 
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to as "sedimentary quartzite" while the remaining three fall in the 
category of "pressolved sedimentary quartzite". 
COMPOSITION 
General Remarks 
Ninety four thin sections (30 each of Kaimur and Bhander sand-
stones and 34 of Rewa sandstone) from as many specimens were examined 
for determining the modal composition and other petrographic characters 
of the sandstones. As far as possible, specimens were selected in such a 
manner that they were uniformly distributed in the three sandstone forma-
tions and covered the entire area. The volumetric proportions of the 
various constituents of the sandstones are listed in Table 4 and the 
average mineral composition of the Kaimur, Rewa and Bhander sandstones 
is shown graphically in Fig. 11, 
The sandstones show a high order of compositional maturity inasmuch 
as quartz, chert and fragments of metamorphic quartzite and quartz schist 
constitute almost 100 per cent of the rock by volume in the Kaimur and 
Bhander sandstones and about 97 per cent in the Rewa sandstone. Felspars 
are almost non-existant in the former formations but occur to the extent of 
2.5 per cent in the latter. Due to the impractibility in some cases, of 
separating the detrital quartz grains from their authigenic overgrowths, 
the two were counted together and are listed under the head "quartz". 
Further, in the absence of reliable and unassailable criteria distinguish-
ing between quartz grains of igneous, metamorphic and sedimentary derivation, 
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no attempt was made to list them separately but rough estimates of their 
relative proportions are given in the text at appropriate places based 
on criteria such as the degree of undulose extinction, elongation ratio 
and presence of two or more cycles of authigenic overgrowths. 
In view of the high degree of compositional maturity and the very 
small variation in the relative proportions of the various constituents, 
it is meaningless to classify the sandstones of the study area. Whatever 
classification is used, almost all samples fall within the definition of 
orthoquartzite (Krynine, 1948; Pettijohn, 1954; Folk, 1954; Hubert, I960) 
or quartzose sandstone (Van Andel, 1958; Dunbar and Rodgers, 1957) or 
quartz arenite (Gilbert, 1954; McBride, 1963). To illustrate this point, 
the sandstones were plotted in Folk's (1954) classification (Fig. 12) and 
it was found that 92 out of 94 samples fall in the field of orthoquartzite 
while only 2 samples belonging to the Rewa sandstone lie in the subgraywacke 
field due to the abundance of metamorphic rock fragments. Further, as will 
be shown later, due to the multicycle origin of atleast a part of the 
detrital constituents of the sandstones, any of the existing classifications 
cannot be materially useful in either deciphering the tectonic framework 
of sedimentation or evaluating the compositional characteristics of the 
provenance. 
Framework Constituents 
Quartz.- Quartz, including the authigenic overgrowths, is the most predo-
minant mineral of all the sandstones of the study area, and comprises 06 
to 99 per cent by volume of the framework constituents. The secondary 
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EXPUNATION OF PLATE VIII 
PHOTOMICROGEAPHS OF THIN SECTIONS OF "UPPER" VINDHYAN 
SANDSTONES SHOWING TYPES OF SECONDARY OVERGROWTHS 
FIG. 1 Quartz overgrowths are in optical continuity with the detrital 
quartz grains. A distination between the two is made 
possible due to a thin coating of hematite around the 
detrital grains. Opaque inclusions common in some grains 
and occur irregularly or in intersecting rows. Chert 
grains are perfectly rounded. 
Rewa sandstone. Crossed nicols (x 70). 
FIG. 2 The big quartz grain in the lower half portion shows two cycles 
of overgrowths. The older overgrowth is abraded. Note 
the nature of inclusions and hematite coating around the 
detrital grain and worn overgrowth. 
Bhander sandstone. Crossed nicols (x 110). 
FIG. 3 The quartz grain in the centre shows three cycles of overgrowths 
The two older overgrowths are abraded and worn. 
Kairaur sandstone. Crossed nicols (x 140). 
FIG. 4 A distinction between the detrital grain and its overgrowth 
is generally possible due to the presence of hematite 
coating around the former. In some grains this coating 
is not seen and the composite grain appears sharply 
angular. 
Kaimur sandstone. Crossed nicols (x 70). 
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overgrowths are in optical continuity with the detrital grains but a 
distinction'between the two is generally possible due to the presence 
of a thin coating of red pigment (? hematite) around the latter (Plate 
VII, Figs. 1-3 and Plate VIII, Figs. 1-4). The authigenic enlargements 
are prominent in unpressolved and slightly pressolved sandstones but are 
insignificant or entirely absent in moderately and highly pressolved 
specimens. In some grains a distinction between the detrital grain and 
the overgrowth is not possible due to the absence of the thin coating 
of iron oxide around the former, and in all such cases the composite grain 
appears sharply angular (Plate VII, Fig, 4). 
Grains showing two or more cycles of abraided overgrowths (Plate 
VIII Figs. 2-3) are present in all the sandstone formations but the frequency 
of their occurrence is highly variable. In some thin sections they occur 
to the extent of 15 to 20 grains per 500 grains counted while in others they 
are not encountered at all. Broadly speaking, the Kaimur sandstone contains 
recy(jl6d quartz grains upto 4 per cent by number while the Rewa and Bhander 
sandstones contain less than 2 per cent. Irrespective of the amounts in 
which they are present, they clearly indicate the presence of several times 
recycled sediments in the provenance. 
A great majority (more than 85 per cent) of quartz grains in Kaimur 
and Rewa sandstones are highly strained. The strain shadows sweep through 
the grains on rotation through an angle of 25° to 35® of the flat stage. 
The remaining 15 per cent grains show either sharp extinction or a slight 
degree of undulose extinction. In contrast, the Bhander sandstone contains 
quartz grains showing a wide range of undulose extinction, from 0° to 35°. 
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Grains showing undulose extinction of more than 25® of rotation of the flat 
stage do not exceed 40 to 50 per cent of the total grains. Although the 
reliability of undulose extinction of quartz grains as indicator of pro-
venance has been suggested (Van Hise, 1890; Gilligan, 1919; Krynine, 
1940; 1946; ^'olk, i960) and also disputed (Rosenbusch, 1893; Tattle, 
1952; Gilbert, 1954; Bailey etai., 1958; Blatt and Christie, 1963), 
the consensus of contemporary opinion appears to be generally against the 
idea. Elsewhere it is suggested that the undulose extinction of quartz 
along with its other characters, may be used profitably in evaluating 
provenance composition. 
Dusty inclusions, often arranged in roughly parallel zones, are 
common in quartz grains of all the formations (Plate VIII, Figs. 1-3). 
Discrete mineral inclusions, other than those of magnetite (?), are generally 
rare but some quartz grains of Kaimur and Bewa sandstones show small acci-
cular inclusions of some indeterminate mineral and some quartz grains of 
Bhander sandstone contain small euhedra of zircon and tourmaline. 
Chert;- Chert is present in variable amounts in the different sandstone 
formations, and its amounts varies from almost nothing in some samples to 
8.4 per cent by volume in Kaimur sandstone, 3 per cent in Rewa sandstone 
and 5 per cent in Bhander sandstone. On an average, the Kaimur and Bhander 
sandstones contain 1.7 per cent of this constituent, while the Rewa sandstone 
about 1.2 per cent. 
Chert in all samples studied, is detrital in origin. It occurs as 
very well rounded grains which are, approximately, one half-phi class smaller 
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than the modal size of the quartz grains with which they are associated 
(Plate VIII, Fig. l). Most grains possess a thin coating of iron oxide 
around them but, unlike detrital quartz, also contain a thin film of dusty 
material surrounding the iron oxide coating. 
The presence of chert, like that of multicycle quartz, indicates 
the presence of sedimentary and/or metasedimentary rocks in the provenance. 
Rock fraqments.- Metamorphic quartzite and quartz schist are by far the 
most common variety of rock fragments present in the sandstones. In 26 
out of the 30 thin sections of the Kaimur sandstone, they comprise 0.2 to 
2 per cent (average 0.8 per cent) by volume of the rock; the remaining 
samples contain not more than 1 or 2 grains in the entire thin section. 
All thin sections of Bhander sandstone were found to contain the two varieties 
of rock fragments mentioned above to the extent of 0.4 to 2 per cent (average 
1.3 per cent) by volume of the rock. However, in Bewa sandstone the amount 
of quartzite and quartz schist is of the same order as in Bhander sandstone 
but, in addition, shale fragments are also present in^some specimens. The 
total quantity of rock fragments present in this formation varies from' 
0.2 to 6 per cent (average 1.8 per cent) by volume. 
Grains of quartzite and quartz schist are uniformly, though sparsely, 
distributed in all the sandstone formations. They are of the same order of 
size as the detrital quartz grains but are relatively better sorted and 
more rounded than the latter. In contrast, fragments of shales are restricted 
entirely to the lowest part of the Rewa sandstone and are extremely variable 
in their textural characters. The fragments vary in size from less than 0.2 
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to more than 10 cm. They are sharply angular to very well rounded, but 
it is noteworthy that there exists no relationship between the size and 
roundness of the fragments. Likewise, the packing density of the fragments 
is also highly variable, in some they are crowded together while in others 
they are very sparsely distributed. 
Felspars.- As mentioned earlier, felspars (microcline and soda-lime 
plagioclase) are present only in traces in the Kaimur and Bhander sandstones -
one or two grains being encountered in some thin sections and none atall in 
others. The position is different in the Rewa sandstone where they constitute 
2 to 3 per cent by volume of the rock. The presence of felspars in' this 
formation, though in a very subordinate amount, distinguishes it from sand-
stones of the other formations (Fig, 12). 
An important feature shown by the felspar grains is that while they 
are in a considerably abraided and altered state in the Kaimur and Bhander 
sandstones, they are relatively fresh and more angular in Rewa sandstone. 
In particle size and roundness characters, the felspar grains are comparable 
to detrital quartz grains with which they are associated in the different 
sandstone formations. 
Mineral Cements 
Two principal types of mineral cements, namely iron oxide and 
silica, are present in sandstones of the study area. The exact composition 
of the iron-oxide cement was not determined in the present study but detailed 
investigations of similar rocks in identical geologic situations elsewhere. 
P L A T E . IX 

EXPUNATION OF PLATE IX 
CEMENTS 
FIG. 1 Photomicrograph of thin section of Bhander sandstones showing 
hematite coating around detrital quartz grains. The 
hematite rims are complete even where grain contacts are 
straight or slightly interpenetrating. Silica cement 
surrounds hematite coating. 
Ordinary light (x 140). 
FIG. 2 Photomicrograph of thin section of Bhander sandstone showing 
abundance of hematite cement which coats detrital grains 
and often fills the interspaces also,' Note deficiency of 
silica cement and replacement relationship between quartz 
and hematite. 
Ordinary light (x 45). 
FIG. 3 Photomicrograph of thin section of Rewa sandstone showing 
marginal replacement of detrital quartz grains by hematite 
cement. Silica cement does not occur in many such specimens 
Crossed nicols (x 55). 
FIG. 4 Photograph of an outcrop of Bhander sandstone showing relation-
ship of replacement to primary and secondary structural 
features. Replacement of hematite by silica Is more pro-
minent along joint planes (dipping lefti than along bedding 
planes (dipping right). 
Stone quarry near Borabans. 
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indicate that the reddish brown pigment is predominantly hematite (Folk, 
1960; Hubert, 1960; Van Houten, 1964; Glaeser, 1966). The term "hematite", 
however, is used here in a broad sense and, following Glaeser (1966, p.75) 
includes hydrous iron-oxides as well. Silica cement occurs as quartz 
overgrowths around detrital quartz grains. The mode of occurrence and 
paragenesis of the cements are described in this section while problems 
relating to their origin are discussed elsewhere. 
It was noted earlier that almost all detrital constituents of 
sahdstones, except those in highly pressolved varieties, are coated with a 
ring of hematite. The reddish brown films are generally very thin (Plate 
VII, Figs. 1-2; Plate VIII, Figs. 1-3) but are sometimes quite thick 
(Plate IX, Fig.l). The distribution of hematite at grain contacts is 
variable in different specimens. In unpressolved sandstones where grain 
contacts are few and tangentiaKPlate VII, Fig. 1), and in slightly 
pressolved varieties showing some long and straight grain contacts (Plate 
VII, Fig. 2; Plate IX, Fig. 1), the hematite rims around detrital grains 
are complete; but when the degree of condensation of the framework increases, 
such as in moderately pressolved sandstones, the rims become discontinous 
in regions where grains interpenetrate (Plate VII, Fig. 3). In highly 
pressolved sandstones, the rims are altogether absent (Plate VII, Fig. 4). 
Silica overgrowths in optical continuity with detrital quartz grains 
constitute the most common and volumetrically predominant cement inasmuch 
as 80 per cent thin sections contain this cement almost to the exclusion 
of hematite. However, as stated earlier, the amount of silica cement varies 
from sample to sample depending upon the degree of condensation and pressure 
- -
solution undergone by the rocks. Thin sections in which there is no 
evidence of condensation of the framework, the amount of silica cement is 
approximately 20 to 25 per cent by volume of the rock. On the other hand,-
thin sections of moderately and highly pressolved sandstones show a very 
small qnantity of this cement, varying in amount from about 5 to 10 per cent 
by volume in the former (Plate VII, Fig. 3) to almost nothing in the latter 
(Plate VII, Fig. 4). 
The relationship between hematite and detrital grains or quartz 
overgrowths is useful in determining its relative time of development. The 
presence of complete rims of hematite around detrital grains and the 
marginal replacement of the latter by the former (Plate IX, Figs/3) in 
specimens where this cement predominates, suggests that they are not 
inherited features of the source rock but have developed during and/or 
after sediment accumulation. Further, in most thin sections studied, 
silica fills the void spaces and forms overgrowths around detrital quartz 
grains trapping hematite rims which outline overgrowth contact. Where 
hematite is the predominant cement, it surrounds the detrital grains and 
whatever little pore space is available, is filled with silica. In such 
cases, obviously, silica overgrowths do not occur around quartz grains. 
These relationships show that hematite is the first formed cement in the 
rock followed by silica. 
Another episode of replacement of hematite cement by silica, not 
related to the one described above and of much younger age, is discernible 
in the sandstone under study. The replacement relationship is best seen 
in outcrop (Plate IX, Fig.4) where silica is seen to replace hematite 
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along primary structural planes (stratification and cross-stratification) 
as well as secondary structural planes (joints and irregular fractures). 
Silica solutions percolating through structural planes, have extensively 
replaced the red pigment converting the uniformly red-coloured sandstones 
into patterns of infinite designs of red and white colour. The time of 
introduction of this silica post-dates the structural deformation of the 
rock. 
HEAVY MINERALS 
General Characteristics 
Heavy minerals were extracted from 72 samples of sandstones (25 
of Kaimur, 24 of Rewa and 23 of Bhander), and the data on the frequency of 
their occurrence appear in Appendix VII and are summarised in Table 5. 
The total quantity of heavy minerals of the sandstones under study 
is extremely small in almost all samples. In the Kaimur sandstone the 
amount varies from 0.02 to 0.33 per cent (average 0.11 per cent) by weight 
of the samples although in one sample it is as high as 2.8 per cent by 
weight. In the Hewa and Bhander sandstones the'corresponding values are 
0.003 to 0.43 per cent (average 0.07 per cent) and 0.012 to 1.0 per. cent 
(average 0.10 per cent), respectively. 
The opaque heavy minerals (magnetite and ilmenite) constitute a 
very minor proportion of the total heavy crop in sandstones. In the 19 
samples of the common variety of Kaimur sandstone, the opaques comprise 
0.6 to 12.7 per cent (average 4.1 per cent) by number of the entire heavy 
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mineral crop but in the flat bedded variety (6 samples) they constitute 
as much as 23.7 to 67.7 per cent (average 46.4 per cent) by number. In 
the Rewa sandstone they constitute 0.7 to 16.4 per cent (average 5.8 
per cent) and in the Bhander sandstone from 1.7 to 10.7 per cent (average 
4.6 per cent) of the total heavy mineral grains counted. Among the non-
opaque heavy minerals, tourmaline and zircon are of foremost importance 
and constitute more than 80 per cent of their population in all the samples 
analysed. The ZIR Index (Hubert, I960), which is a measure of the maturity 
of heavy mineral assemblages, is, therefore, very high in all samples and 
ranges from 83.5 to 98.8 per cent (average 94.8 per cent) in the Kaimur 
sandstone, from 85.5 to 100 per cent (average 95.8 per cent) in the Rewa 
sandstone and from 81.5 to 96.5 per cent (average 92.0 per cent) in Bhander 
sandstone. 
Mineralogy 
Tourmaline.- This is the most commonly occurring, and in many specimens 
by far the most abundant, non-opaque heavy mineral in the sandstones under 
study and constitutes 25.5 to 92 per cent (average 64.5 per cent), 23.8 
to 87.0 per cent (average 63.4 per cent) and 37.4 to 93.4 per cent (average 
63.2 per cent) by number in the Kaimur, Hewa and Bhander sandstones, res-
pectively. The most common shades of colours exhibited by this mineral 
are brown, blue, pink and green. 
In the Kaimur sandstone, tourmalines occur in four distinct shapes, 
namely, long prismatic grains (elongation ratio > 2), short stumpy grains 
(elongation ratio < 1.5), grains with roughly triangular outline, and 
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EXPUNATION OF PLATE X 
PHOTOMICROGRAPHS OF GRAINS OF TOURMALINE AND ZIRCON OF 
KAIMUR SANDSTONE (1/8 - 1/16 MM GRADE) 
FIG. 1 Tourmalines occur in 4 shape groups. Most grains are very 
well rounded and suggest derivation from pre-existing 
sediments or metasediments but some showing remnants 
of original crystal faces appear to be of first cycle. 
FIG. 2 Most grains of zircon are rounded to well rounded but some 
are subangular to subrounded and show remnants of 
original crystal faces. 
P L A T E - XI 
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EXPUNATION OF P U T E XI 
PHOTOMICROGRAPHS OF GRAINS OF TOURMALINE AND ZIRCON OF 
REWA SANDSTONE (1/8 - 1/16 MM GRADE) 
FIG, 1 Tourmalines. Three shape groups are distinguishable but 
most grains are rounded to very well rounded . Some 
prismatic grains show remnants of original crystal 
faces but are considerably abraded. 
FIG. 2 Zircons. Most grains show abraded margins and are sub-
angular to rounded. Modified remnants of original 
crystal faces are seen in some grains. 
P L A T E - XII 

EXPLANATION OF PIATE XII 
PHOTOMICROGBAPHS OF GRAINS OF TOURMALINE AND ZIRCON OF 
BHANDEB SANDSTONE (1/8 - 1/16 MM GRADE) 
FIG. 1 Tourmalines. Angular grains with original crystal faces 
showing little evidence of abrasion are mixed up with 
well rounded grains. 
FIG. 2 Zircons. Many grains show well developed.crystal faces but 
some are considerably abraded. The grain in the centre 
shows pyramidal outgrowths and aggregate crystals 
formed by the coalescence of two or more outgrowths. 
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tear-drop shaped grains (Plate X, Fig.l). It is noteworthy that almost 
all grains belonging to the different shape groups, are abraided and well 
rounded but some long prismatic grains tend to show remnants of original 
crystal faces even though their corners and edges show a considerable 
degree of wear. A complete gradation from subrounded to very well rounded 
grains is descernable in all the four shape classes. Tourmalines of the 
Rewa sandstone (Plate XI, Fig.l) show essentially the same characteristics 
as described above being, by and large, very well rounded but occur in 
prismatic and roughly triangular shapes only. Grains with original crystal 
faces are conspicuous by their absence. In the Bhander sandstone, angular 
grains with original crystal faces showing little evidence of abrasion, 
and those which are well rounded, are mixed up nearly in equal proportions 
(Plate XII, Fig. 1). By and large, the prismatic grains, specially the 
short stumpy ones, are angular to subangular and show original crystal 
outlines. 
Zircon.- Zircons rank second in order of abundance among the non-opaque 
heavy minerals but their actual amount by number varies within very wide 
limits from sample to sample (5.2 to 74.5 per cent in the Kaimur, 7.4 to 
56.7 per cent in the Rewa and 2.0 to 49.8 per cent in the Bhander sandstone) 
However, on an average, they comprise about 30 per cent, 32 per cent and 
27 per cent of the non-opaque heavy mineral crop in the Kaimur, Rewa and 
Bhander sandstones, respectively. Based on colour, three varieties of 
zircons are distinguishable, namely, colourless, pink to purple (hyacinth), 
and yellow. Of these, the colourless variety is the most abundant and 
accounts for more than 80 per cent of all the zircons while hyacinths 
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constitute 15 to 20 per cent and the yellow zircons 2 to 5 per cent by 
number. 
In the Kairaur and Rewa sandstones, most grains show abra/ded 
margins and are subangular to well rounded (Plate X, Fig, 2 and Plate 
XI, Fig. 2). Some grains show remnants of original prism and pyramid 
faces but they are always modified by abrasion. In contrast to the above, 
most zircons of the Bhander sandstone (Plate XII, Fig. 2) show well 
developed crystal faces (prism, pyramid and basal pinacoid) but some 
graiiis are rounded. 
As a general rule, zoning is not common in zircons under study 
but some grains of the Kaimur and Rewa sandstones show closely spaced, 
fine concentric dark bands near the periphery. Irregular cracks are 
common in zircons of the Bhander sandstone but those from the other two 
formations are relatively free from them. Secondary growth phenomenon is 
sometimes observed around detrital zircon grains of the Bhander sandstone. 
Pyramidal outgrowths (Smithson, 1937) and aggregate crystals formed by 
the coalescence of two or more outgrowths (Poldervaart and Eckelmann, 1955) 
often occur on the prism faces of dettital zircon grains (Plate XII, Fig.2, 
centre). The delicate, tooth-like outgrowths are sharp and show no signs 
of abraison and appear to have formed authigenically after the deposition 
t 
of the sandstone. 
Titanite.- Pale yellow to light brown grains of titanite occur in all 
the sandstones, although its actual amount (by number) in total non-opaque 
heavies varies from almost nothing in some samples to as much as 6.9 
per cent (average 2.8 per cent) in the Kaimur sandstone, 9.0 per cent 
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(average 3.2 per cent) in the Rewa sandstone and 6.3 per cent (average 
3.1 per cent) in the Bhander sandstone. Most grains are subrounded to 
subangular but grains with well developed crystal faces have not been 
encountered. 
Zoisite.- Subangular to subrounded grains of zoisite are present in 
most samples analysed but the total amount of this mineral is rather 
very small. In the Kairaur and Hewa sandstones, its amount varies from 
0.0 to 1.3 per cent (average 0.34 per cent) and 0.0 to 2.0 per cent 
(average 0.65 per cent), respectively but in the Bhander sandstone its 
amount is somewhat larger and varies from 0.26 per cent to 6.7 per cent 
(average 2.6 per cent) by number of the total non-opaque heavies. 
Most grains are colourless but some show a light yellow colour 
and appear faintly pleochroic. Opaque, black inclusions, often dusty, 
usually crowd this mineral, giving it a spotted appearance. By and large 
the grains are monogranular but some polygranular grains also occur. 
Micas and chlorite.- The two constituents comprise a very minor part 
of the heavy minerals, their amount varying from 0.0 to 3.5 per cent 
(average 1.4 per cent) in the Kaimur sandstone, 0.0 to 1.8 per cent 
(average 1.0 per cent) in the Bewa sandstone and 0.0 to 8.5 per cent 
(average 1.0 per cent) in the Bhander sandstone. Muscovite occurs more 
abundantly in the Kaimur and Bhander sandstones while dhlorite is more 
abundant in the Rewa sandstone. 
Rutile.- Rutile occurs in red and golden yellow colours in al] samples 
of the Bhander sandstone, but in the Kaimur and Rewa sandstones only 
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about one third of the samples contain this mineral. In the former 
sandstone formation its amounts varies from 1.0 to 4.4 per cent (average 
1.9 per cent) while in the latter two, its amount varies from 0.0 to 2.6 
per cent (average 0,4 per cent) and 0.0 to 2.4 per cent (average 0.3 per 
cent) by number of the total non-opaque heavy minerals. 
Grains of rutile are rounded to subrounded and are free from 
inclusions; some grains show the characteristic striations parallel to 
crystal lengths. 
Monazite.- Well rounded, oval grains of this mineral occur in all samples 
of the Bhander sandstone, its amount varyi ng from 0.21 to 4.6 per cent of 
the non-opaque heavy minerals by number. In the Kaimur sandstone, only 
5 samples out of 25 analysed were found to contain this mineral in minor 
amounts, 0.0 to 1.0 per cent (average 0.11 per cent),while in the 8ewa 
sandstone, 10 samples out of 24 were found to contain this mineral in 
amounts varying from 0.0 to 1.4 per cent (average ^0.37 per cent). 
Anatase.- This is the only authigenip heavy mineral encountered during 
the examination of the heavy mineral assemblage and occurs restricted to 
the Kaimur and Rewa sandstones. In the former, only 4 samples contained 
this mineral in amounts varying 0.5 to 6.4 per cent (average 0.5 per cent) 
while in the latter only 3 contained it in even smaller amounts (0.1 to 
1.8 per cent). 
Anatase occurs in perfect octahedral plates showing the character-
istic striations in different directions. 
- 75 -
B. GLAUCQNITIC SANDSTONES 
GENERAL REMARKS 
It has already been mentioned elsewhere that the upper-most part 
of the Kaimur sandstone is highly glawconitic and deserves special 
consideration in view of the environmental significance of mineral glau-
conite, and also because recently Vln'ogradov and Tugarinov (1966) used 
glauconite from these rocks in dating the otherwise unfossiliferous Kaimur 
sandstone by radioactive methods. Since the reliability and usefulness 
of this method of dating sediments is dependant on the nature and time of 
glauconitisation (Cloud, 1955; Herzog, ^ al., 1958; Hurley ^ aL., I960; 
Wermund, 1961; Srivastava, 1966; Fairbridge, 1967), it follows that any 
attempt to determine the absolute age of sediments by using this mineral 
must be preceeded by a thorough petrographic examination of the rocks 
containing it. Such a study has not been attempted so far on the Kaimur 
glauconites although Srivastava (1966) did so on the "Lower" Vindhyan 
glauconites of the Son valley. 
Texturally and compositionally the glauconitic sandstones are not 
much different from the sandstones of the rest of the Kaimur formation. 
In the following pages, therefore, an attempt is made to bring out only 
the salient and diagnostic petrographic characters of these rocks and to 
avoid repetition of the description of those features which have already 
been described earlier. 
TEXTURE 
The results of 5 thin section mechanical analyses of the glauconitic 
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sandstones appear in Appendix III. The grain size frequency distribution, 
shown graphically as histograms in Fig. 13, is unimodal in 4 samples, the 
modal class in 2 samples lies in the 1 to 1.5 0 grade while in the other 
2 it lies in the 2 to 2.5 0 and 2.5 to 3 0 grades and contains 23 to 
45.5 per cent by number of the total sample . However, one sample shows 
a bimodal size frequency distribution, the primary mode falling in the 
2 to 2.5 0 grade and the secondary mode in the 0 to 0.5 0 grade. The 
bimodality of grain size distribution is, in all probability, due to an 
admixture of coarse grains of quartz, metamorphic quartzite and glauconite 
in an otherwise fine grained and uniform sized population of quartz grains 
(Plate XIII, Figs. 1 and 2). Such samples exhibit the phenomenon of 
textural inversion inasmuch as the larger grains show a high degree of 
roundness as compared to the smaller grains. 
The size frequency data have also been plotted as cumulative 
curves in Fig.14 and the statistical parameters calculated therefrom are 
listed in Table 6. The graphic mean size of samples varies from 1.87 to 
2.63 0. Two samples are well sorted while the remaining 3 are moderately 
sorted. Apparantly, there is a random distribution of the skewness values 
of samples because 2 are very negatively skewed, one is negatively skewed 
while 2 are positively skewed. However, no generalisation can be made in 
this regard as the number of samples analysed is small. In all samples 
the size frequency distribution is leptokurtic to very leptokurtic. 
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TABLE 6.- STATISTICAL PARAMETERS OF SIZE FREQUENCY 
DISTRIBUTION OF GLAUCONITIC SANDSTONES 
Sample j Percentile size in Phi units } 
number 
)[ d 5 ( / ) l b C(25 050 075 084 095 I MZ <ri SKi KG 
20 0.4 0.85 1.6 2.25 2.65 2.8 3.05 1.96 0.89 -0 .62 1.2 
21 0.4 0.95 1.25 1.75 2.35 2.90 3.55 1.87 0.96 0 .15 1.1 
53 1.7 1.85 2.05 2.3 2.55 3.45 2.1 0.54 0 .24 1.7 
62 1.7 2.00 2.2 2.5 2.65 2.8 3.1 2.43 0.41 -0 .19 1.27 
64 1.85 2,30 2.50 2.65 2.82 2.95 3.30 2.63 0.35 -0 .31 1.8 
COMPOSITION 
The per cent volumetric composition of 10 samples of glauconitic 
sandstones appears in Table 7. The rocks are homogeneous compositionally 
and the sample to sample variation in the amount of individual constituents 
is small. 
Quartz.- Quartz (inclusive of secondary overgrowths) is by far the most 
abundant constituent and comprises 69 to about 87 per cent (average 81 
per cent) by volume of the rock. Most grains show a high degree of 
undulose extinction (Plate XIII, Figs. 1 and 5), the strain shadows sweeping 
across the grains on a rotation of about 40° of the flat stage of the 
microscope. Some grains, however, show sharp to slightly undulose extinc-
tion. Mineral and fluid inclusions are uncommon, but when present they 
are of very small size and appear to posses no definite orientation. Second 
cycle quartz grains also occur in small amounts and are distinguished by 
the presence of worn-out and abraided overgrowths of the previous cycle. 
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EXPUNATION OF P U T E XIII 
PHOTOMICROGRAPHS OF THIN SECTIONS OF GUUCONITIC SANDSTONES 
FIGS. 1 & 2 Admixture of coarse and fine grade grains results in the 
biraodality of the size frequency distribution. The 
larger grains are better rounded than the smaller 
ones. Available pore space is filled with hematite 
cement. Glauconite pellets are rounded. 
Crossed nicols (x 40). 
FIG. 3 Pellets of glauconite are rounded, sausage shaped, and 
of a slightly larger size than the associated quartz 
grains. 
Ordinary light (x 40). 
FIG. 4 Pellets of glauconite are deformed due to crushing between 
the more resistant quartz grains. Flaky glauconite 
shows faint cleavage and micaceous habit. Note dis-
ruption of framework where the amount of flaky glau-
conite is large. 
Ordinary light (x 40). 
FIG. 5 Flaky glauconite occurs in crudely elliptical patches or 
scattered randomly between quartz grains. Note dis-
ruption of framework. 
Crossed nicols (x 60). 
FIG. 6 Interstitial glauconite occurs abundantly between quartz 
grains which often appear to float. Some patches of 
interstitial glauconite are crudely elliptical. 
Ordinary light (x 55). 
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Glauconite.- This minera] constitutes 8.5 to 19.5 per cent (average 
12.5 per cent) of the rock by volume and comes next to quartz in order 
to abundance. It is bright green in colour but some grains appear brownish 
or yellowish due to oxidation. Based on mode of occurrence and shape of 
grains, the following three types of glauconite are distinguishable; 
1. Pelletal glauconite. Rounded, oval to sausage shaped grains of 
glauconite occur commonly (Plate XITI, Figs. 1-6) in all the glauconitic 
sandstones. The pellets show well defined boundaries unless replaced by 
secondary quartz and iron oxide cement or crushed between the more resistant 
quartz grains which surround them. Their size is of the same order j^s the 
detrital quartz grains. 
2. Flaky glauconite. It occurs in clusters and irregular to crudely 
elliptical patches between quartz grains. The individual flakes are of 
variable size; sometimes they are as big as the detrital quartz grains 
and show faint cleavage and pleochroism (Plate XIII, Fig. 4) but more 
commonly they are of small size and scattered randomly in the interspaces 
between the quartz grains (Plate XITI, Fig. 5). The flakes are of micaceous 
habit, bright green colour and show mass polarisation. Where the patche.s 
or clusters of flaky glauconite are large, the framework of the rock 
appears disrupted (Plate XIII, Figs. 4-5). Occasionally, patches of flaky 
glauconite are in pelletal form and it is difficult to distinguish them 
from the pellets except that the former are coarsely crystalline and the 
latter finely crystalline. 
3. Interstitial glauconite. The most common mode of occurrence of 
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glauconite is within irregular, small and large interspaces between 
detrital constituents as finely crystalline grains. Under ordinary 
light it appears as a structureless mass of bright green colour filling 
the interspaces but under crossed nicols the individual grains can be 
deciphered. It is noteworthy that all transitions between pelletal 
glauconite and interstitial glauconite on the one hand, and between 
the latter and flaky glauconite on the other, can be seen under the 
microscope. Samples containing large quantities of interstitial glauco-
nite invariably show a disrupted framework and the detrital constituents, 
even though they show long and straight grain contacts among themselves, 
appear to float in a green, apparently structureless mass of glauconite 
(Plate XIII, Fig. 6). 
TABLE 7.- MINERAL COMPOSITION (PER CENT BY VOLUME) OF 
THE GLAUCONITIC SANDSTONE 
Sample 
number 
I Quartz 
i (including 
loverarowths) 
Glauconite Chert 
Rock-
fragments Accessories 
Fcrruginou! 
Cement 
8 84.00 12.20 1.80 0.50 0.50 1.00 
20 86.00 11.40 1.40 1.20 - -
21 80.00 18.40 0.60 1.00 - -
53 79.00 15.60 1.00 0,80 - 3.60 
54 86,60 9.0 2.00 0.60 0.40 1.40 
55 77.60 13.80 1.20 0.80 - 6.60 
62 79.20 11.20 1.40 1,20 1.00 6.00 
64 69.00 19.50 1.00 0.50 - 10.00 
67 82.20 13.80 0.80 0.80 0.60 1.80 
69 86,00 8.50 1.50 0,50 0.50 3.00 
Average 80.96 12.34 1.25 0.79 0.30 3.34 
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Chert.- Well rounded grains of chert constitute 0.6 to 2 per cent 
average 1.3 per cent) of the rock by volume and are nearly of the same 
size as the detrital quartz grains with which they are associated' Host 
grains are coated with a thin film of iron oxide but some are distinctly 
frosted. 
Rock fragments.- Fragments of metamorphic quartzite and quartz schist 
are present in amounts varying from 0.5 to 1.2 per cent (average 0.8 per 
cent) by volume of the rock. The composite grains are rounded to well 
rounded and are approximately of the same size as the detrital quartz 
grains. Internally, the constituent grains show highly undulose extinc-
tion and deeply sutured contacts (Plate XIII, Fig. 1). 
Clay pellets are seen in hand specimens in some horizons of the 
glauconitic sandstones. The abundance of clay galls in these horizons 
suggests that reworked clay pellets were available for deposition at the 
time of formation of these rocks. The size and shape of the cavities left 
behind after the removal of the clay pellets are comparable to those of 
the glauconite pellets. 
Minor accessories.- Tourmaline, zircon and rutile constitute a minor 
part of the rock and their total amount never exceeds 1 per cent (average 
0.3 per cent) of the rock by volume. The grains are very well rounded 
and exhibit the same characters as their counterparts in the non-glauconitic 
sandstones. 
Cements.- Most glauconitic sandstones are cemented with secondary quartz 
grown in optical continuity with the detrital quartz grains. The over-
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growths replace glauconite indicating that silica cementation post-dates 
glauconitisation. The various aspects of silica cementation are discussed 
elsewhere. 
Iron oxide is another mineral cement which occurs in most specimens 
in amounts ranging from 1 to 10 per cent (average 3 per cent) by volume 
of the rock. It occurs in irregular patches filling interspaces between 
detrital grains and replaces detrital quartz, silica overgrowths as well 
as glauconite. 
c . LIMESTONES 
The Bhander limestone, forming the lower part of the Bhander 
group, is the only calcareous unit throughout the Vindhyan sequence of 
the Kota-Sawatbhata area. It comprises several lithologies and on the 
basis of field characters, general appearance and petrographical data, it 
is divisible into the following three lithofacies: (1) interlaminated 
calcilutite and calcisiItite, (2) flat-pebble calcirudite breccia; and 
(3) massive limestone. 
The interlaminated calcilutite and calcisiItite lithofacies forms 
the lower part of the Bhander limestone. A few meters above its base 
and interbedded with it, a prominent bed of flat-pebble calcirudite breccia, 
2 to 4.5 m thick, occurs which can be traced throughout the area. Also 
associated with the interlaminated facies locally are algal mats and algal 
bioherms. The massive, bluish gray limestone occurs towards the top of the 
limestone sequence and contains stromatolites. 
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INTERLMUNATED CALCILUTITE & CALCISILTXTE. 
Megascopic Characters 
The interlaminated limestone consists of alternating laminae com-
posed of calcilutite and calcisiItite. Calcilutite laminae, tan to 
reddish-tan in colour, are usually thicker (2 to 5 mm) at the base of 
the unit but become thinner ( < 1 ram) towards the top. The thinner 
laminae pinch out within a distance of a few centimeters but the thicker 
ones can be traced for a few meters. Alternating calcisiItite laminae 
are grey to light brownish-grey in colour, and, unlike calcilutite 
laminae, are thinner ( 1 to 2 mm) at the base and thicker (0.4 to 0.8 cm) 
towards the top. The laminae and the bands of calcisiItite are more per-
sistent laterally and can be traced for several tens of meters. The 
contacts between interadjacent laminae of calcilutite and calcisiltite 
are distinct, though often wavy or irregular. 
The laminated limestone is often interbedded with algal mats, 
algal bioherms and flat-pebble calcirudite breccias, Dolomitisation of 
the rock is patchy and is usually associated with thick veins of dolomite 
which cut across bedding at numerous localities. 
Microscopic Characters 
The most characteristic feature of this rock in thin section is 
the presence of perfect laminations composed of very fine grained, brown 
to dark brown calcilutite and medium to fine grained, light brown, calci-
siltite. The laminae, though sharply defined, pinch and swell, and often 
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EXPUNATION OF PLATE XIV 
BHANDER LIMESTONE 
FIG. 1 Photomicrograph of thin section of interlaminated calcilutite-
calcisiltite. The laminae, though sharply defined, 
pinch and small when traced laterally. An erosion pit 
in the top right corner is filled with coarser material 
showing crude bedding. 
Ordinary light (x 10). 
FIG. 2 A slab of flat-pebble calc'rudite breccia. The pebbles are 
sharply angular and random^v oriented. 
FIG. 3 Photomicrograph of flat-pebble calcirudite breccia. Matrix 
is almost completely dolomitised but laminated intra-
clasts are only marginally replaced. 
Ordinary light (x 7). 
FIG. 4 A polished specimen of flat-pebble calcirudite breccia cut 
normal to bedding and parallel to the regional palaeo-
current direction. The flat pebbles are crudely imbri-
cated. No size grading is observed. 
FIG. 5 Photomicrograph of flat-pebble calcirudite breccia showing 
angular to subrounded fragments of ferruginous shale. 
Note the large quantity of fine terriginous detritus. 
Clasts are densely packed and show steep angle of 
repose. 
Ordinary light (x 7). 
FIG. 6 Photomicrograph of massive limestone. The rock is micro-
crystalline and no evidence of recrystallisation is seen. 
Crossed nicols (x 60). 
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wedge out when traced laterally within the limits of the thin section 
(Plate XIV, Fig. 1). Shallow but steep sided erosion pits are common, 
against which the laminae are sharply truncated. The pits are filled 
with relatively very coarse detritus consisting of angular sand-sized 
grains of quartz mixed up with lime mud (Plate XIV, Fig.l). The material 
filled in the pits exhibits crude bedding and in a general way shows 
grading of particle size in a vertical direction. Bedding in the pits 
is steeper and follows the profile of the pit. 
Dolomitisation, though common in both types of laminations, is 
more extensive in the calcisiltite layers. Replacement of fine calcitic 
materia] by coarser grains of dolomite has taken place parallel to bedding 
FUT-PEBBL£ CALCIRUDITE BRECCIA 
Megascopic Characters 
Megascopically, this lithofacies consists predominantly of flat 
limestone pebbles which stand out conspicuously on weathered surfaces but 
are hardly visible on freshly broken surfaces. The moderately to poorly 
sorted pebbles are sharply angular and of very low sphericity. Along 
their long(a) axis they measure from less than 0.5 cm to more than 8 cm 
(average 5 cm) but are very flat, being 0.1 to 1 cm (average 0.4 cm) 
thick. In the a-b plane, the pebbles are roughly equidimensiona.l, and 
appear to be randomly oriented (Plate XIV, Fig. 2) but in polished 
specimens cut normal to bedding and parallel to the regional palaeocurrent 
direction, they show a crude low-angled upstream imbrication (Plate XIV, 
Fig.4). No size grading is observed in this plane. 
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The packing density of the clasts is variable in different 
specimens. By and large the flat pebbles are loosely packed and appear 
to "float" in a dense lime-mud matrix but in some they are densely 
packed. In the former case the clasts lie horizontally paralleling 
bedding; in the latter they show an upstream imbrication. Further, in 
the former situation the lower bounding surface of the breccia bed is 
undisturbed or at the most gently rippled while in the latter it is 
scoured and often channelled. 
Post-depositional doloraitisation has obliterated the primary 
fabric of the rock in many outcrops and has imposed on it an epigenetlc 
fabric. The limestone pebbles have been extensively replaced, and as a 
result show fantastic shapes and box-work structure (Plate III, Fig. 2). 
Uegascopically, the doloraitised breccia resembles the "pseudo-breccia" 
described by some workers (Dixon and Vaughan, 1911; Hatch, Rastall and 
Black, 1938; Beales, 1953; Walper, I960; Roehl, 1967). 
Microscopic Characters 
Under the microscope, this lithofacies shows large, angular 
fragments of finely crystalline, laminated, micritic intraclasts floating 
in a dense, structureless mass of equally finegrained lime-mud matrix. 
The boundaries of non-laminated micritic fragments are generally indistinct 
due to the comparable grain size of the intraclasts and the lime-mud 
matrix, but the laminated intraclasts are clearly seen due to the abrupt 
termination of the laminae against the matrix (Plate XIV, Fig. 3). Compo-
sitionally and texturally, the intraclasts of the breccia bed are comparable 
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to the laminated calcilutite and calcisiltite within v;hich they occur. 
In some specimens the matrix is more or less completely replaced by a 
coarsely crystalline mosaic of dolomite in which case the intraclasts 
stand out more clearly but their angularity is very much accentuated 
(Plate XIV. Fig. 3). It is noteworthy that post-depositional dolomiti-
sation has been selective inasmuch as the matrix has been replaced 
wholesale whereas the intraclasts are only marginally replaced. 
Often, the breccia beds contain angular to subrounded fra^ents 
of ferruginous shale (Plate XIV, Fig. 5). Such specimens usually show an 
unusually large admixture of terrigenous material in an otherwise fine 
micritic matrix. Also, in such specimens clasts are densely packed and 
show a steeper angle of repose as compared to those in which the limestone 
fragments predominate. Effects of later dolomitisation are insignificant 
in specimens containing large quantities of argillaceous matrix. 
MASSIVE LIMESTONE 
The massive limestone, though volumetrically most important among 
the different lithologic types, is petrographically least interesting 
being monotonously uniform in texture and composition throughout its 
thickness. It is light gray to bluish gray in colour, very dense, fine-
grained and breaks with conchoidal fracture. Towards the top of the 
sequence cylindrical stromatolites with roughly circular cross-section, 
occur abun^ntly (Plate VI, Fig. 5), 
Under the microscope it is seen to comprise uniform-sized grains 
of microcrystalline calcite (micrite) (Plate XIV, Fig.6). The rock does 
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not show any evidence of recrystaHisatlon. Occasionally it is traversed 
by big and small veins of coarse grained calcite which generally cut 
across bedding planes and are more abundant in regions where the limestone 
has been folded or otherwise subjected to tectonic stresses. Anhedral 
grains of clear dolomite, oflen forming clots, do occur in some specimens 
but are never abundant. Such grains are several times larger than the 
wicrlte grains within vjhich they occur. 
INSOLUBtE RESIDUES 
The insoluble residues of 25 samples (15 of massive limestone, 
8 of interlaminated calcilutite and calcisiltite, and 2 of flat-pebble 
calcirudite breccia) were examined with a view to study their amount, 
kind and distribution in the various lithofacies. The raw data appear 
in Appendix VII and the processed results are given in Table 8. 
TABLE 8.- Distribution of Insoluble Residues in Bhander 
limestone. 
u • No.of samples Per cent (by weight) insoluble 
Lithofac3es Horizon , analysed Residues 
R a n g e Average 
,, . T • • Upper part 9 11.4 - 13.7 
Massive Limestone r , l ic « o 
12.8 
Lower part 6 15.0 - 19.8 17.3 
Interlaminated Upper part 4 16.4-19.7 17.3 
cacilutite& Lbwerpart 4 2 1 . 4 - 2 6 . 6 23.9 
calcisiltite ^ 
Calcirudite _ 2 16.5 - 23.6 20.0 
Breccia _ 
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The most characteristic feature of the insoluble residues in 
limestones of the study area is their overall abundance in all the 
lithofacies described earlier. The lower part of interlaminated calci-
lutite and calcisiltitte lithofacies contains 21.4 to 26.6 per cent 
(average 23.9 per cent) insoluble material by weight of total sample which 
consists predominantly of ferruginous clayey material of highly hygro-
scopic character and pellets of red clay. As mentioned earlier, this 
unit essentially consists of tan to dark brown laminae of calcilutite 
and it is clear that the red colouration of these laminae is due to the 
uniform dispersion of the fine red clay. Incidently, the red clayey 
residue is identical in physical characters to the Gannurgarh shale which 
underlies the interlaminated unit. The calcirudite breccia, which is 
interbedded with the lower part of this unit and whose fragments it 
includes, is also rich in red clay residue (average 20 per cent by weight). 
The upper part of the interlaminated unit, in which the blue coloured 
calcisiltite laminae predominate, and the lower part of the blue massive 
limestone contain respectively 16.4 to 19.7 per cent (average 17.3 per 
cent) and 15.0 to 19.8 per cent (average 17,3 per cent) insoluble residues 
by weight ^f the total sample. Not only does the total quantity of 
insoluble material decreases in these horizons but its composition also 
undergoes a radical change. The residues consist predominantly of 
quartz silt and small amounts of glauconite pellets, tourmaline and 
zircon. The quantity of red clay is negligible in most samples but in 
some it is present to the extent of 5 to 10 per cent by weigHt of the^  total 
residues. The upper part of the bluish-gray massive limestone contains 
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11.4 to 13.7 per cent (average 12.8 per cent) insoluble material by 
weight,consisting of quartz silt, zircon, tourmaline and glauconite. 
Red clay is conspicuous by its absence in them. 
CHAPTER IV 
PAUEOCURKENT ANALYSIS 
An attempt is made to establish a palaeocurrent system for the 
"Upper" Vindhyan rocks in the study area with the help of some directional 
sedimentary structures such as cross-stratification, ripple marks and 
parting lineation. Recourse was also taken to dimensional grain fabric 
analysis to determine the direction of sediment transport in localities 
where sedimentary structures were scarce or entirely wanting. The ultimate 
aim of this palaeocurrent analysis is two fold: (1) determining the 
palaeoslope and hence the direction in which the provenance was located 
during "Upper" Vindhyan sedimentation, and (2) deciphering, as far as 
possible, the depositional environments. 
CROSS-STRATIFICATION 
Methods of Measurement 
The methods of measurement of planar cross-stratification dip 
azimuths varied from outcrop to outcrop depending upon the nature of 
exposures. At outcrops where the foreset planes were exposed, the dip 
azimuths were measured directly with the clinometer compass. Where the 
foreset planes were not readily available, such as~in massive^sandstones; 
the apparent azimuth and inclination of traces of individual foreset 
planes were measured in two non-parallel sections and the azimuth and 
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amount of the true dip of the foreset plane was determined using an 
equal area Schmidt net. 
In the case of trough cross-strata, most measurements of dip 
azimuth and inclination were made in sections available, that is, in the 
a-c plane, and only such units were selected in which traces of foreset 
planes are slightly eurvilinear. However, since the Vindhyan rocks are 
mostly horizontally disposed, the trough cross-strata invariably leave 
curved traces on the a-b plane (Plate IV, Fig.l). The -azimuth of the 
acute bisectrix of these curved surfaces was taken as the true azimuth 
of the dip of foreset surfaces of the trough cross-strata. 
No tilt correction of the azimuth data was found necessary in most 
localities in view of the horizontal or near horizontal attitude of 
strata in general. In localities where the structural dips exceed 10°, 
the foreset dip azimuth was corrected for the tilt by rotating the poles 
of foreset planes on Schimidt stereonet (Potter and Pettijohn 1963, p.259). 
Sampling 
The sampling pattern adopted for cross-stratification dip azimuth 
study is not based on any predetermined system because, firstly, the 
outcrops of the various rock units occur irregularly due to alluvial and/or 
lateritic covers and, secondly, no palaeocurrent study was ever undertaken 
in this area which could provide guide lines for spacing the observation 
points. All accessible outcrops-were-examined and-atleast .4 measurements^ 
were made at each outcrop taking atleast two from each cross-stratified 
unit. The area was then divided into sectors of various sizes in such a 
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manner that, as far as possible, each sector contained a minimum of 40 
measurements and included 4 to 10 observation points. The area of 
individual sectors varied from 10 to 30 sq km on an average bat some sectors 
had to be exceptionally large because of lack of suitable outcrops or 
extensive soil covers. 
219 cross-stratification dip azimuth measurenents were made in 
the Kaimar formation spread over 19 localities and the area occupied by 
these rocks was divided into 4 sectors (K1 to K4). Cross-stratification 
is very scarce iti rocks of the Rewa group and due to paucity of data, no 
sectorial subdivisions were possible and the entire area covered by them 
was taken to constitute one single sector (B 1). In all 41 measurements, 
spread over 4 localities were made. A total of 607 measurements spread 
over 77 localities were made in the Bhander group and the area occupied 
by these rocks was divided into 10 sectors (B1 to BIO). The foreset dip 
azimuths of 867 cross-strata appear in Appendix I. 
Variability of Cross-stratification Foreset Dip Azimuths 
The distribution of dip azimuths of cross-stratification foresets 
in the Kaimur, Rewa and Bhander sandstones, is shown in Fig. 15 as circular 
histograms. The data are grouped into 20^ classes. The vector mean azimuth 
and vector magnitude (L %) for each locality, sector and group as a 
whole were calculated using the vector summation method (Curray, 1956a). 
"The results are presented In Table 9 . ~ * -- „ .... 
Kaimur sandstone.- The vector mean azimuth (9^) at various outcrops of 
Kaimur sandstone ranges from 235® to 357** but 18 out of 19 values lie between 
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TABLE 9.- VECTOR MEAN VECTOR MAGNITUDE (I^), STANDARD 
DEVIATION i<r ) AND VARIANCE (S^) OF CROSS-
STRATIFICATION DIP AZIMUIHS. 
i Outcrop level i Sector level 
oector 
i Locality n t% 1 n §„ L% 0- S^ 
KAIMUR SANDSTONE 
1 17 288®46' 76.4 
2 24 256®24' 93.8 
Kl 
3 12 235®55' 47.5 60 
265® 67 58.5 3422 
4 7 290®42' 44.4 
5 19 273®24' 93.4 
6 12 243®44 87.4 
K2 
7 5 305°6' 79.4 
43 263®12' 74 57.41 3301 
8 7 289® 38.4 
9 17 252®22' 49.2 
10 10 270®48' 94.68 
K3 
11 11 357° 95.7 
47 267®36' 51.1 72.1 5198 
12 9 242®6' 86.03 
13 6 288°5' 89.7 
14 12 286® 12* 67.6 
15 6 284®33' 99.8 
16 20 284®4B' 93.8 
K4 
17 13 291®4' 95.3 
61 281®43' 85.63 51.3 2630 
.18 11 295®32' 49.6 
19 7 315®47' 97.0 
- . - — 
RE'WA SANDSTONE 
- - . - . — 
20 7 285®15' 90.6 
21 22 282®30' 42.5 
R1 
22 5 297®59' 98.1 
41 284®12' 73.5 57.6 3332 
23 7 280®18' 94.2 
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TABl£ 9.- VECTOR MEAN (B-), VECTOR MAGNITUDE <LJI5), STANDARD 
DEVIATION (<r ) AND VARIANCE (S^) OF CROSS-
STRATIFICATION DIP AZIMUTHS (Contd.) 
Sector 
I 
i Locality n 
Outcrop level 
5. L% N 
Sgptpr Igvgl 
L% 
BHANDER SANDSTONE 
B 1 
B 2 
B 3 
B 4 
24 11 307®24' 83.4 
25 10 287°34' 85.9 
26 6 298®57' 81.8 40 299®41' 89®12' 29.4 880 
27 7 298®27' 91.6 
28 6 290° 97.9 
29 4 284°42 80.7 
30 10 306® 98.9 
31 7 327® 95.7 
32 4 295°6' 95.8 45 303®30' 96.35 20.35 415 
33 10 309^16' 94.6 
34 5 314®34' 98.8 
35 5 285°20' 93.8 
36 5 278® 98.52 
37 10 277®48' 97.35 
38 10 276®42' 100.00 
39 7 290® 69.6 
43 288®56' 91.7 25.4 645 
40 4 310®36' 79.36 
41 7 325®53' 90.56 
42 5 290®9' 66.9 
43 7 284®43' 74.5 
4 4 ' ~ 7' "259®44'~ 95.3 
45 10 281®54' 99.8 
46 5 294®16* 97.0 A 
47 16 280® 92.2 
100 282®40' 89.96 23.73 S62 
48 5 294® 96.6 
49 10 277®48' 80.7 
50 28 3120 93.8 
51 5 290® 97.5 
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TABLE 9 V E C T O R MEAN (e^) , VECTOR MAGNITUDE (L%) , STANDARD 
DEVIATION (o- ) AND VARIANCE (S^) OF CROSS-
STRATIFICATION DIP AZIMUTHS (Contd.) 
* O^tprop Igvel I . , Sgptor 
Sector I Ucality n \ l ^ l N L% 
B 5 
B 6 
B 7 
52 17 279®12* 95.2 
53 5 309®24' 72.2 
54 6 279°40' 97.9 
55 8 290® 98.55 
56 5 283°54' 98.5 
63 283®36' 94.7 19.7 371 
57 7 284®20' 98.7 
58 6 290® 99.9 
59 8 286®54' 91.8 
60 5 254®10' 96.60 
61 8 262®35' 49.98 
62 7 281®36' 95.96 
63 16 282®10' 78.5 
64 5 285®55' 95.5 
65 12 287®57' 97.5 
80 290®17* 91.93 26.43 698 
66 7 291® 89.3 
67 7 306® 56.3 
68 6 307®4' 94.2 
69 7 267® 94.0 
70 9 308®51' 98.3 
71 11 305®6' 93.3 
72 7 337®42' 89.9 
73 8 289®6' 92.8 
74 14 277®8' 96.0 
75 8 282017' 95.6 91 287®30' 88.5 48.0 2360 
76 7 292®48' 99.2 
77 6 259° 96.7 
78 7 290® 96.5 
79 5 284011' 87.0 
80 10 275051' 98.4 
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TABLE 9.- VECTOR MEAN (S^), VECTOR HAGNITDDE (L%), STANDARD 
DEVIATION (o- ) AND VARIANCE (S^) OF CROSS-
STRATIFICATION DIP AZIMUTHS (Contd.) 
Sector 
0^ ltpffQp l^vel 
i Locality n | m I N 
Sector level 
e. t% 
B 8 
B 9 
B 10 
81 10 288®6' 86.7 
82 10 302®22' 90.7 
83 9 283®22' 98.5 
84 8 307®32' 99.4 
85 5 292® 96.1 
62 293®76' 94.83 20.63 426 
86 6 285®28' 96.5 
87 9 283®6' 97.6 
88 6 307® 95.5 
89 6 312®18' 97.96 
90 10 301®54' 98.98 
91 4 320®2' 96.76 
92 7 297®9' 99.9 
43 308®27' 94.8 18.1 326 
93 5 323®32' 98.56 
94 8 302°39' 95.52 
95 10 330®42' 93.6 
96 7 327°6' 94.0 
97 6 281®38' 98.6 
98 5 281®84' 98.6 
40 309®25' 86.76 31.2 97.2 
99 6 334®30' 92.0 
100 5 283® 96.4 
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235** and 315°, that is, within 80° of arc. The sector to sector variation 
in vector mean azimuths is remarkably small, inasmuch as all values lie 
within 17° of arc between 265° and 282°. This means that the outcrop to 
outcrop variation of vector mean azimuths is large but when larger areas 
of 10 to 30 sq kilometers are considered, this variation becomes less 
prominent. The grandi vector mean azimuth at the formation level is 272°. 
Cross-stratification foreset dip azimuths are highly scattered in 
the Kaimur sandstone both at the outcrop level and the sector level. At 10 
localities out of 19 examined, the frequency distribution is polymodal— 
bimodal and trimodal distributions being more common. Histograms at the 
sector level are generally quadrimodal except in sector K3 where it is. 
trimodal. It is noteworthy that at both levels of sampling the more pro-
minent modes point, by and large, towards a westerly direction while the 
subsidiary ones are oriented either at right angles or in the reverse 
direction;^ This large scatter of the dip azimuths is also reflected 
by the vector magnitude values which are a measure of the concentration 
of the vector azimuths. At the outcrop level the values range from 38 to 
99.8 per cent indicating a very wide range of scatter from outcrop to 
outcrop but 12 of the 19 values are larger than 86 per cent. At the sector 
level the values are smaller on an average, and range between 54 and 86 
per cent. 
The variance of foreset dip azimuths at the sector level 
varies from 2630 to 5198. These values are an indiclTtion "oflthe scatter 
of dip azimuths about the mean and are numerically equal to the square of 
the standard deviation (o-). The total variance of dip azimuths in the 
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Kaimur sandstone is 4098. 
Hewa group.- As mentioned earlier, cross-stratification is very scarcely 
developed in rocks of the Rewa group and the data are insufficient for 
drawing significant conclusions. The vector mean azimuth (9^) ranges 
from 281® to 298® at the 4 outcrops where cross-stratification was measured. 
When the outcrop data are lumped together, the grand vector mean value of 
284® is obtained. 
At locality nos. 20 and 21 (Fig. 15), the histograms showing 
frequency distribution of foreset dip azimuths are bimodal and broadly of 
the same type as those of the Kaimur sandstone while at the remaining two 
localities they are unimodal. The composite histogram for the entire 
Rewa group is, however, quadrimodal, with the primary mode pointing towards 
the northwest. The vector magnitude values at 3 outcrops range between 
91 and 98 per cent, but at the fourth the value is 42 per cent indicating 
that the degree of concentration of the vector azimuths is very low. For 
the Rewa group as a whole, the vector magnitude is 73 per cent and the total 
variance of dip azimuths is 3332. 
Bhander group.- The vector mean in rocks of this group shows a range from 
254® to 338®. However, at 61 localities out of 77 where this structure 
was measured, the vector mean azimuth ranges from 270® to 310®, that is, 
within 40® of arc while at 40 localities they lie within 20® of arc between 
280® and 300®." The~grand vector-mean-azimuth Is 291®. . _ . ' 
Histograms showing the distribution of foreset dip azimuths of 
cross-strata (Fig. 15), are mostly unidirectional and unimodal. Only at 17 
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localities out of 77, the dip azimuths show a weakly bimodal distri-
bution while at the sector level only 2 out of 10 are bimodal. Farther, 
when the entire data are lumped together, the resulting histogram is 
unimodal in contrast to the polymodal distributions obtained in the 
Kaimur sandstone and the Rewa group. The smaller degree of scatter of the 
azimuthal data is also reflected in the high vector magnitude values 
which at 69 out of 77 localities vary between 80 and 100 per cent, and 
at 61 localities between 90 and 100 per cent. The vector magnitude in 
the various sectors ranges between 86 and 96 per cent. Likewise the 
variance (S^) is significantly small at the sector level and varies from 
327 to 974. The total variance of foreset dip azimuths is 933. 
LINEAR CURRENT STRUCTURES 
Ripple Marks 
Asymmetrical ripple marks were examined for their asymmetry and 
crest orientation while the symmetrical ones were studied in respect of 
the orientation of crest azimuth only. The relevent ripple data are 
presented in Appendix II and plotted in the palaeocurrent map in Fig. 16. 
Kaimur sandstone The asymmetry of 3-7 ripples measured at 8 localities, 
points in a direction ranging from 223® to 322°, giving an average direction 
of 272®. The crest azimuths of 130 symmetrical ripples at l^ t localities 
are alHgned parallel to n0rth-n0rtheast-s0uthrs0uth»^st direction, that is, 
roughly at right angles to the ripple asymmetry. It is noteworthy that 
the ripple data correlate remarkably well with the grand vector mean dip 
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azimuth = 272°) of cross-strata. It is concluded, therefore, that for all 
types of ripples in the Kaitnur sandstone, the crests are oriented at right 
angles to the dip azimuths of cross-strata. 
A striking feature of the orientation of ripple marks in this 
formation, the significance of which is discussed elsewhere, is that they 
are aligned in diverse directions at various stratigraphic levels at some 
outcrops. Thus, when the data for individual outcrops are grouped, a 
bimodal or even a trimodal frequency distribution results; but when the 
data for the entire formation are lumped, a strongly unimodal and normal 
distribution is obtained. It appears plausible that the secondary modes 
represent local fluctuations of currents through time but the regional 
picture conceals the local variations. 
Bewa group.- Ripple marks are not very common in the fiewa sandstone 
but occur frequently in the fine sandstone and siltstone interbeds of 
Rewa shale. 26 measuronents made at 1 locality in the former and 2 in 
the latter show a strongly unimodal distribution of ripple crests at each 
locality, all crests being alHgned in the northeast-southwest quadrants. 
This direction, like that in the Kaimur sandstone, is almost at right angles 
to the grand vector mean dip azimuth (9^ = 284°) of cross-strata in the 
Rewa sandstone. When the asymmetry of ripples is considered, a greater 
coincidence of directions is obtained, the asymmetry pointing to directions 
ranging from 284° to 288° and giving an average direction of 286°. Although 
the ripple data are meagre, they indicate that the crests of all types of 
ripples are oriented at right angles to dip azimuth of cross-strata. 
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Hippie marks are common in the sandy shales and fine 
sandstones of this group but are rather scarce in the limestones. The 
orientation of the ripple crests, measured at 12 localities, shows a 
strongly unimodal frequency distribution. 31 out of 51 ripple crest 
orientations measured, lie in the north-northeast-south-southwest octants, 
the remaining being either oblique or perpendicular to this direction. 
The asymmetry of ripples at various outcrops points to directions varying 
from 262° to 356® (average 285®) and agrees very closely with the direction 
of 291° obtained from cross-stratification study. 
Parting Lineation 
Parting lineation, like symmetrical ripples, is a two way direc-
tional structure and gives the line of current flow rather then the sense 
of the flow direction. The relationship of this structure with the line 
of current flow was first demonstrated by Sorby (1908) who found that 
lineations developed on the surfaces of incoherent sediments parallel to 
flow of currents of suitable velocity. Tliis conclusion has been amply 
verified through unmerous studies during the last two decades (Stokes, 1947; 
Crowell, 1955; Pelletier, 1958; HcBride and Yeakel, 1963; Dzulynski, 
1963; Allen, 1964a). 
The lineation trends at various localities in the different forma-
tions are recorded in Appendix IX and plotted in the palaeocurrent map in 
Fig. 16. 
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Kaimur sandstone'.- Parting lineation is not well developed in the Kaimur 
sandstone but occurs in some thin, flat interbeds in the middle and upper 
parts of the formation.. The mean lineation azimuths at the 4 localities 
examined, range from 52 to 110° giving an average direction of N 78® E -
S 78° W. However, litoe the orientation of ripple crests, lineation trends 
are very consistent in a given bed but are variable at different strati-
graphic levels at the same outcrop. Such variations through time, perhaps, 
represent local fluctuations in the direction of current flow, but the 
overall picture is one of preferred direction parallel or sub-parallel 
to the predominant palaeocurrent direction determined from cross-strati-
fication and ripple studies. 
Bewa group.- Parting lineation, again, is not a very commonly occurring 
structure in rocks of the Rewa group and occurs in some of the thin-bedded 
sandstone interbeds in the lower part of the Rewa sandstone. The mean 
lineation trends at 6 localities show a wide scatter from 8 70^ to 157®, 
The grand mean trend is parallel to S 55° E - N 55° W and is quite close 
to the value of 284° obtained for the vector mean dip azimuth of cross-
strata . 
Bhander group.- Parting lineation is abundantly developed in rocKs of 
this group and was measured at 50 localities. Taken as a whole, the 
lineation azimuths show a wide spread, the values lying between 33° and 
and 152°, that is, within 119° of arc; but 85 per cent of them lie within 
43° of arc between 70° and 113° and nearly half between 90° and 113° 
(23° of arc). The mean lineation azimuth is N 86° W - S 86° E. At some 
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outcrops, the lineation azimuths show a bimodal or even polymodal frequency 
distribution when data from different stratigraphic levels are grouped. As 
mentioned earlier, local fluctuations in directions of current flow were 
perhaps responsible for this feature. 
APPOSITION FABRIC 
General Remarks 
Appo&ition fabric is a textural property of sedimentary rocks and 
is defined by Pettijohn (1957a)p. 73) as "one formed at the time of depo-
sition of the material.*' It is due to the orientation of framework 
constituents in response to forces operating during the deposition of a 
sediment. Forces that could produce anisotropy of depositional fabrics 
include the gravitational and magnetic force fields of the earth, as well 
as those produced by ice, wind and water movements. Apart from being an 
important textural attribute, the dimensional grain fabric of sedimentary 
rocks is also an indicator of the direction of flow of the depositing 
agency and, as such, is useful in reconstructing palaeocurrent patterns 
specially in strata where other directional current structures are not 
abundantly developed. 
Only those rocks which have not been subjected to metamorphism and/ 
or tectonic disturbances can be used for this type of study. Most sandstones 
of the study area, for which this kind of study has been made, are uneffected 
by metamorphism and do not show any sign of deformation of the primary 
fabric. Samples in which the grain contacts are sutured or the framework 
otherwise condensed, were not used. Further, the results of this study show 
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that the direction of preferred orientation and imbrication of long axes 
of detrital quartz grains agree closely with the palaeocurrent directions 
obtained from other current structures. It is concluded, therefore, that 
the sandstone samples studied posses a primary fabric which could be used 
for obtaining palaeocurrent directions. 
Fabric Anisotropy and Palaeocurrent Directions 
The preferred orientation of grain long axes parallel to current 
flow directions in sands was demonstrated experimentally by Dapples and 
Sominger (1945), although according to Potter and Pettijohn (1963, p.44), 
Burno Sander was "apparently the first to publish on the fabric of a sand 
sized sedimentary rock** as early as 1936. Subsequent studies (Schwarzacher, 
1951; Griffiths, 1952; Nanz, 1955; Curray, 1956b; Rusnak, 1957a,b; 
Nairn, 1958; Ganguli, I960. Potter and Mast, 1963; Srivastava and 
Israili. 1963; (Sien and Goodell, 1964; Spotts, 1964; Sestini and Pranzini, 
1965; Picard and Beckmann, 1966; Jafar, Akhtar and Srivastava, 1967) have 
confirmed the validity of the conclusion that "studies of apposition fabric 
analysis, theoretically and experimentally both in loose sands and in eon> 
solidated sandstones, alone or together with other directional properties, 
indicate that it is fairly reliable to apply preferred grain orientation 
analysis in sedimentary petrogenesis" (Chen and Goodell 1964, p. 55). 
The sense of direction of current flow, as distinct^ from the line 
of flow, can be determined with the help of shape of grains as well as from 
the direction of imbrication of grain long axes. Dapples and Rominger 
(1954) found that the sand grains having a 'tear-drop' shape tend to orient 
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themselves with the blunt and pointing upstream. Studies of Schwarzacher 
(1951), Curray (1956b), Rusnak (1957b), McBride (1962), Potter and Mast 
(1963), Spotts (1964) and Sestini and Pranzini (1965) show that grains 
are imbricated upstream like pebbles. However, grain imbrication opposite 
to the regional palaeocurrent direction has also been reported by Sestini 
and Pranzini (1965) and Picard and Beckmann (1966, p. 516), the latter 
authors explaining the anamoly as being due to longshore currents which 
"sometimes flow in directions at about 180® to each other". 
Methodology 
Two oriented thin sections, one parallel to bedding and the other 
perpendicular to bedding and parallel to the direction of preferred grain 
orientation, were prepared fvom each sandstone sample studied. Sections 
cut parallel to bedding were studied for the azimuthal distribution of 
grain long axes while those cut perpendicular to bedding and parallel to 
preferred grain orientation direction were studied for grain imbrication. 
The number of grains measured for fabric studies by other workers 
has ranged between 60 and 500, but counts of 100 to 200 grains have been 
found to give satisfactory results (Potter and Pettijohn, 1963; Potter 
and Mast, 1963; Picard and Beckmann, 1966). Griffiths (1952) observed 
no change in the mean direction of preferred orientation by reducing the 
number of grains from 800 to 200. For this investigation 200 grains were 
counted in each thin section cut parallel to bedding or perpendicular to 
bedding. 
Outlines of 200 clastic grains with an apparent elongation ratio 
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(length/width) of 1.5 or more were drawn on a properly oriented graph 
paper using camera lucida. The apparent long dimension of individual 
grains was obtained by utilising the least projection elongation as 
defined by Dapples and Rominger (1945, p. 251). The azimuth of the long 
axes in sections cut parallel to bedding and the inclination of apparent 
long axes with respect to the bedding plane, were grouped in 20° classes 
and plotted as circular histograms on 180° distribution. The resultant 
vector mean azimuth or inclination (9^) and vector strength (L %) were 
calculated using the vector summation method of Curray (1956a). The 
Rayleigh test was used for testing the anisotropy of the data at 5 per 
cent level of significance. 
Statistical Analysis of Grain Fabric Data 
Fabric anisotropy in plane parallel to bedding.- 39 oriented thin sections 
of sandstones cut parallel to bedding, 10 each from Kaimur and Bhander 
sandstones and 19 from Bewa sandstone, were studied in detail for the dis-
tribution of apparent long axes of detrital grains. The raw azimuthal 
frequency data appear in Appendix X and a statistical summary is presented 
in Table 10. 
The vector mean azimuth in the Kaimur sandstone ranges from 85° to 
116°, that is, within an arc of 31°, giving an average vector mean value 
of 93°. Since grain fabric indicates only the line of current flow, it is 
suggested that during the deposition of the Kaimur sandstone, this line, 
on an average, was oriented in a S 87° E - N 87° W direction. All but one 
sandstone samples from the Kaimur sandstone show anisotropic fabric (Table 10) 
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TABLE 10 GRAIN ORIENTATION DATA OF THIN SECTIONS PARAUEL 
TO BEDDING 
Qom Vector 
I Mean 
I ( i n „ ^ e e s ) 
Vector 
Magnitude 
iM 
Significance at 5% level 
(Rayleigh test) 
13 
14 
16 
17 
18 
23 
26 
38 
58 
72 
110 
90 
85 
93 
100 
99 
116 
96 
86 
97 
KAIMOR SANDSTONE 
30 
18 
34 
16 
24 
35 
35 
10 
27 
24 
Significant 
Not significant 
Significant 
REWA SANDSTONE 
73 
74 
75 
78 
83 
84 
91 
93 
94 
107 
112 
113 
60 
83 
86 
85 
80 
85 
84 
93 
110 
67 
80 
114 
13 
32 
26 
34 
29 
28 
30 
10 
9 
48 
15 
11 
Significant 
Not significant 
n 
Significant 
•1 
Not significant 
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TABlfi 10.- GRAIN ORIENTATION DATA OF THIN SECTIONS PARALLEL 
TO BEDDING (Contd.) 
J Vector Vector 
N f S l ! " Mean Magnitude 
I (in degrees) 1%) 
Significance at 5% level 
(Baylei^ test) 
119 
137 
138 
140 
145 
150 
159 
5 
62 
78 
78 
50 
75 
96 
24 
30 
25 
12 
10 
21 
21 
Significant 
Not significant 
Significant 
212 
221 
245 
246 
252 
258 
259 
281 
412 
435 
121 
126 
131 
73 
140 
131 
61 
124 
87 
130 
BHANOEB SANDSTONE 
25 
44 
24 
26 
24 
31 
23 
27 
39 
44 
Significant 
n 
It 
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Only one sample shows a relatively low value of vector magnitude (10 per 
cent) which suggests that the frequency distribution is not significantly 
different from an isotropic distribution. However, the vector mean 
azimuth for this sample has a value of 96^ which correlates satisfactorily 
with the corresponding values for the remaining samples. It is possible 
that the low vector magnitude value is due to greater despersion of the 
data rather than to a total absence of preferred orientation. 
In the Rewa sandstone, the vector mean azimuth of apparent long 
axes ranges between and 114^ but 15 values out of 19 lie between 76 and 
114, within an arc of 36*^. The average vector mean azimuth (80°) gives a 
line of current flow parallel to N 80° E - S 80® W and deviates by an angle 
of 24® from the directions obtained from cross-stratification and ripple 
mark studies and by an angle of 45® from the average trend of parting 
lineation. Values of vector magnitude vary between 9 and 48 per cent. All 
but four values are significant at 5 per cent level of significance. 
However, the vector mean of samples showing insignificant anisotropy also 
lie within the range of values obtained from samples showing significant 
anisotropy. 
All Bhander sandstone samples studied have framework showing 
strongly anisotropic fabrics. Seven values of vector mean azimuths fall 
between 121® and 140® while three lie between 61® and 87®. The average 
vector mean azimuth value of 112® (N 68® W - S 68® E) almost exactly coincides 
with the vector mean dip azimuth of 291® obtained from cross-stratification 
study. The vector magnitude values range from 23 to 44 per cent indicating 
that in all samples the degree of preferred orientation of grain long axes 
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Is very high. 
gni^otyppy In p^ane pjsp^ndicular to b^ddipg and parallel 
to direction of preferred orientation.- 14 thin sections cut perpendi-
cular to bedding and parallel to the direction of preferred grain orienta-
tion were studied for the imbrication of grains with the ultimate aim of 
determining the direction of current flow. Of these, 4 are of Kaimnr 
sandstone and 5 each of Rewa and Bhander sahdstones (Appendix ^I). A 
statistical summary of the imbrication data is presented in Table 11. 
All samples studied show a distinct imbrication of grains in a 
general easterly direction (Fig, 17). Since the direction of current flow 
during sedimentation of "Upper" Vindhyah sandstones was in a westerly 
direction as deciphered from the study of primary directional structures, 
it follows that the imbrication is upstream. The vector mean inclination 
values range between and 22° which average about 12°. The vector magni-
tude values for thin sections of this orientation range between 30 and 
58 per cent except in one sample where it is 15 per cent indicating 
excellent preferred orientation of grains in a plane perpendicular to 
bedding and parallel to preferred grain orientation direction. Further, 
the degree of preferred orientation in this plane is greater than that In 
plane parallel to bedding. 
PAUEOCURRENT RECONSTRUCTION 
The palaeocurrent patterns worked out for the "l^per" Vindhyan 
rocks of the study area are based primarily on a regional study of dip 
azimuths of cross-strata (Fig. 15), but have been supplemented with data 
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TABLE 11.- GBAIN IMBKICATION DATA OB THIN SECTIONS PEBPENDICOLAR 
TO BEDDING AND PARAUEL TO PREFERRED GBAIN ORIENTATION 
Sample ! Significance at 5% level 
KAIHDR SANDSTONE 
13 11 52 Significant 
14 9 36 
16 20 67 
17 10 39 
REWA SANDSTONE 
75 2 52 
107 13 50 
113 2 58 
140 21 50 
150 8 41 
BHANDER SANDSTONE 
212 16 49 
245 12 50 
259 22 30 
412 6 15 
435 16 37 
BHANDER GROUP 
REWA GROUP 
KAIMUR FORMATION 
FIG.18 7 SUMMARY D IAGRAMS O F DIRECTIONAL SEDIMENTARY STRUCTURES 
IN THE 'UPPER" VINDHYAN SEDIMENTS 
EXPLANATION OF FIGURE 18 
Inner Circles: Histograms showing distribution of ripple crests. 
Data grouped in 45° classes. Numerals refer to 
number of measurements. Arrow indicates sense 
of current direction obtained from the asymmetry 
of ripples. 
Middle Circles 
Outer Circles: 
Average parting lineation azimuths. 
Grain orientation in sections parallel to bedd-
ing. Small arrows indicate direction of current 
flow obtained from grain imbrication. 
Big arrow indicates vector mean direction of cross-stratification foreset 
dip azimuths. Numerals within parenthesis refer to the number of measure-
ments . 
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obtained from the measurement of linear structures, such as ripple marks 
and parting lineation, and dimensional grain fabric (Fig. 16). Further, 
evidence was presented in an earlier chapter in support of the conclusion 
that the primary structures, on which this palaeocurrent study is based, 
were formed subaqueously. It follows, therefore, that their morphology 
and spatial orientation reflect the nature and behaviour of the water 
currents in the basin of deposition, and, hence, are useful in establishing 
the palaeoslope as well as in determining the physical and geomorphic frame-
work of the depositional environment. 
Figure 18 summarises the palaeocurrent data in respect of the 
study area. A close correspondence between the palaeocurrent directions 
obtained from each independent line of approach is clearly discernible. 
In the Kaimur formation, the correlation between dip azimuth of cross-
strata (272®), asymmetry of ripple marks (272°) and grain fabric (273°) 
is near perfect. The mean direction of orientation of parting lineation 
(N 78° E - S 78° W) deviates twt little from the above mentioned directions. 
All available lines of evidence, therefore, suggest, that during the depo-
sition of the Kaimur rocks, the ctirrents moved from east to west throughout, 
the area. Likewise, during the deposition of the rocks of the Rewa group, 
currents moved parallel to the azimuth of 284° as deciphered from the dip 
azimuths of cross-strata. By and large, the same palaeocurrent direction 
is obtained when the asymmetry of ripples (286°) is taken into consideration. 
However, parting lineation (N 55° W - S 55® E) and grain fabric (260°) 
deviate from the mean cross-stratification direction by angles of 21° and 
24° respectively. In rocks of the Bhander group, the correlation between 
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directions obtained from the dip azimuth of cross-strata (291°), ripple 
asynunetry (285") and grain fabric (292 ) is almost perfect but the mean 
trend of parting lineation (N 86® W - S 86® E) deviates by an angle of 
17® from the mean cross-stratification direction. Broadly speaking, 
palaeocurrents moved in a west-northwest direction during Bhander sedimen-
tation. Although there appears to have been a systematic shift in palaeo-
current direction from Kaimur (272®), through Rewa (284®) to Bhander 
times (291"), but the amount of shift is so small that, on the whole, 
the "Opper" Vindhyan sedinents may be considered to possess a reasonably 
consistent palaeocurrent direction through space and time. A westerly 
direction of sediment transport is indicated throughout the deposition of 
the thick pile of "Upper" Vindhyan sediments under study. 
The interpretation of palaeoslope from palaeocurrent patterns is, 
however, not self evident in every situation. In fluvial and other sub-
aerial systems, currents are known to flow down the regional slope but in 
marine and several near-shore environments, this relationship does not 
necessarilly hold good due to the presence of local, tidal and lougshore, 
currents (Thompson, 1937; McKee, 1940; Creager, 1963; Belderson, 1964; 
Dodge, 1965; Klein, 1965; 1967; Pettijohn et §1., 1965; Shelton, 1965; 
Potter, 1967). In the latter situation a careful appraisal of other lines 
of evidence becomes necessary to interpret the regional slope. 
The consistancy and uniformity of palaeocurrent direction in the 
"Upper" Vindhyan sediments through space and time, suggests that, in all 
probability, local currents (tidal and lougshore) were not very effective 
during sedimentation. Further, as will be shown elsewhere, the rocks under 
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study include both subaerial and shallow marine sediments but all of 
them appear to have been deposited under the influence of consistently 
westward-moving currents. Since the movement of currents in subaerial 
systems is undoubtedly down the regional slope, it follows that the 
regional slope during "Upper" Vindhyan sedimentation was westwards and 
that the palaeocnrrents in the stratigraphically concordant shallow marine 
sediments also are directed down the palaeo&lope. This conclusion Is 
further supported by the fact that the Sewa shale and Bhander limestone 
thicken westwards in the stydy area, and, therefore, indicate increasing 
distance from the shoreline in the westerly direction. 
CHAPTER V 
PROVENANCE 
INTRODUCTION 
The purpose of a provenance study is to determine the composition, 
location, tectonic setting, and climatic conditions of the terrain which 
supplied sediments to the basin of deposition. Inferences on each of 
these counts are based on evidence gathered from petrographic and pala«o-
carrent studies of the sediments derived from it. However, the age of 
the ; sediments in question is an important factor which determines 
the extent to which the geological and geographical characteristics of 
the provenance can be reliably deciphered. 
In this study the probable composition of the source rock has been 
determined on the basis of sandstone mineralogy. The compositional data 
are than matched with those of the pre~Vindhyan rocks, occurring in the 
region indicated by the palaeocurrent studies, for locating the provenance. 
It is noteworthy, however, that the problem of provenance location during 
"Upper" Vindhyan sedimentation is faced with the difficulty arising out of 
extensive erosion of the pre-Vindhyan rocks. So extensive has been this 
erosion that almost nothing remains of them now and it becomes, often, a 
matter of intelligent speculation, though based on sound logic and indirect 
evidence, to predict their former distribution. In the subsequent chapters, 
it has been possible to indicate, with a fair degree of probability, the 
- 114 -
- 115 -
tectonic and climatic conditions obtaining in the source area. 
COMPOSITION OF PROVENANCE 
The "Upper" Vindhyan sediments have apparently a simple mineralogy 
but an analysis of the compositional data indicates that the source area 
comprised a number of different rock types. The criteria used for the 
compositional evaluation of the provenance are discussed below. 
Sedimentary Rocks 
The repeated reworking of "Upper" Vindhyan sediments prior to depo-
sition has been stressed by Banerjee and Gupta (1963) and Bhattacharya 
(1969a). The strongest evidence suggesting contributions from pre-Vindhyan 
sedimentary rocks exposed in the source area, comes from the presence of 
a large number of detrital quartz grains showing two to three cycles of 
abraided overgrowths (Plate VIII, Figs. 2 and 3) and by the occurrence 
of perfectly rounded grains of chert (Plate VIII, Fig. 1). The high degree 
of mineralogical maturity of the sandstones in the study area, supports 
this view. 
That a considerable part of the "Upper" Vindhyan sediments has 
passed through more than one cycle of sedimentation is also suggested 
by the extreme paucity of heavy minerals in the sandstones (Table 5), and 
by the greater preponderence of only the roost durable heavy mineral species, 
tourmaline and zircon, which together comprise, on an average, over 90 per 
cent by number of the total non-opaque heavy mineral fraction. It is 
noteworthy, also, that practically all grains of tourmaline and zircon in 
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the Kaimur and Bewa sandstone, and nearly half in the Bhander sandstone, 
show a high degree roundness (Plates X-XII), and it is difficult to 
visualise how they could acquire this near-perfect roundness during only 
one cycle of sedimentation. Instead, it appears most likely that the 
detrital grains were subjected to several cycles of reworking, and as a 
result of the long history of abrasion, developed the typical well rounded 
character. However, since zircon, in particular, behaves as a highly 
refractive mineral (Barker, 1939), and is known to retain a detrital form 
in rocks undergoing intensive thermal metamorphism and metasomatism 
(Reynolds, 1936) and in rocks subjected to strong regional metamorphism 
(Poldervaart and von Backstron.1950; McLachlan, 1951), it is possible 
that some of the highly abraided grains could have been derived from 
metamorphosed sediments also. 
- Metamorphic Rocks 
Three independent lines of evidence suggest that metamorphic 
rocks also were exposed in the provenance and that they contributed sig-
nificantly to the "Upper" Vindhyan sediments in the study area. 
1. Presence of metamorphic rock fragments and heavy minerals of 
metamorphic derivation: 
The most direct evidence indicating the presence of metamorphic 
rocks in the provenance is provided by the occurrence of fragments of 
metamorphic quartzites and quartz schists in all the "Upper" Vindhyan 
sandstones. These fragments are rounded to well rounded and in their grain 
size are comparable to the detrital quartz grains with which they are 
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associated. They are invariably "clean" and contain no metastable or 
unstable minerals. Heavy minerals such as zoisite, detrital , micas 
and chlorite ' also indicate derivation from metamorpbic source rocks. 
The absence of any other type of metamorphic rock fragment, as 
also that of medium or high grade metamorphic minerals, suggests that 
perhaps only the low grade metamorphic derivatives of sandstone, that is 
quartzites and quartz schists, were present in the provenance. 
2. Shape of quartz grains. 
The concept that elongate quartz grains denote derivation from 
metamorphic source rocks appears to be widely accepted (Krynine, 1940; 
Siever, 1949; Bokman, 1952; Pettijohn, 1957a; Hubert, I960; Folk, i960, 
1961), although Bailey gt ai. (1958), and Blatt and Christie (1963) have 
not favoured a generalisation of this idea. The shape study of quartz 
grains of the Jackfork and Stanley sandstones by Bokman (1952) is widely 
quoted in support of the former view. He found that the frequency distri-
bution of elongation ratios in the Jackfork sandstone resembled that of 
grains from a schist while in the Stanley sandstone, the elongation ratio 
were comparable to those of quartz grains in a granite (Bokman, 1952, Figs. 
1 and 2, pp. 21 and 23). He concluded, accordingly, that the former 
Formation derived the bulk of its sediments from metamorphic source rocks, 
and the latter from granitic terrains. This conclusion was shown to be 
erroneous by Blatt and Christie (1962) who cited the data given by Bokman 
(1953) to support their contention. 
Despite this controversy oh the reliability of grain elongation as an 
- 118 -
indicator of provenance, an interesting picture emerges when the elonga-
tion data of detrital quartz grains of the "Upper" Vindhyan sandstones 
in the study area are compared with those of the Jackfork and Stanley 
sandstones. Histograms a-c in Figure 10 show the frequency distribution 
of elongation ratio of detrital quartz grains of the Kairaur, Bewa and 
Bhander sandstones. A visual inspection of the histogram showing the 
shape characteristics of grains of the Kaimur sandstone (Fig. 10,a), 
shows that it is remarkably similar to that of the Jackfork Sandstone 
(Fig. 10, d) in all essential details. Likewise, the quartz grains of 
the Rewa sandstone show elongation ratio (Fig. 10,b) which are almost 
identical in the nature of their distribution to those of quartz grains 
in a mica schist (Fig. 10,e) analysed by Bokman (1952). However^ the 
shape characteristics of quartz grains of the Bhander sandstone (Fig.10,c) 
are neither comparable to those derived from granite nor to those derived 
from purely metamorphic source rocks (Bobnan, 1952, Fig. 2, p. 23). 
Instead they are broadly comparable to those obtained by combining the 
elongation data of quartz grains of the Jackfork and Stanley sandstones 
(Fig. 10, f). 
The above comparison of shape characteristics may suggest, though 
not conclusively, that the Kaimur and Rewa sandstones contain a very large 
proportion of quartz grains of ultimate metamorphic derivation, while 
during Bhander times, granitic source rock were, perhlips, also available 
for contribution. < 
3. Dndulose extinction of detrital quartz. 
It is the opinion of some petrographers that quartz grains can be 
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traced to their ultimate origin by the nature of their extinction, and 
that grains showing undulose extinction are of ultimate metamorphic 
derivation (Van Hise, 1890; Gilligan, 1919; Krynine, 1940, 1946; Folk, 
1961). This view has been contridicted by many others (Rosenbusch, 1893; 
Grout, 1932; Tuttle, 1952; Gilbert, 1954; Bailey et il., 1958; Blatt 
and Christie, 1963), who have expressed serious doubts about the applica-
bility of undulose extinction of quartz grains in tracing provenance. 
Hubert (1960), however, suggested that quartz grains could be traced to 
their ultimate source by the degree of undulatory extinction shown by 
them. According to him, detrital quartz grains showing a high order 
of wavy extinction could be attributed to metamorphic source rocks. He 
fixed an arbitrary limit at 25° rotation of a flat stage to distinguish 
between metamorphic and non-metamorphic quartz. Despite controversy on 
the reliability of undulose extinction of quartz as an indicator of 
provenance, the criterion suggested by Hubert (I960) appears to be dependable 
because it cannot be denied that the amount of wavy extinction is a function 
of the degree of deformation of quartz, and the strongly undulose quartz 
grains, atleast, are most likely to be of metamorphic derivation. If 
this criterion is accepted, quartz grains in the Kaimur and Rewa sandstones 
appear to be largely of metamorphic derivation, while both metamorphic and 
igneous quartz types are present in the Bhander sandstone. 
Basic Igneous Rocks 
The presence of basic igneous rocks in the provenance is suggested 
by the occurrence of magnetite, limenite, rutile and titanite among the 
heavy minerals. The opaques (magnetite and ilmenite) are present in all 
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samples to the extent of 5.8 to 14.2 per cent by number of the total 
heavy mineral crop, but rutile and titanite are present to the tune of 
0.013 to 0.09 per cent and 0.084 to 0.134 per cent respectively. It is 
noteworthy that the grains of this heavy mineral assemblage are subangular 
to subrounded in contrast to the well rounded character of the other 
assemblages described earlier. 
Fragments of basic igneous rocks or the more unstable heavy mineral 
species characteristic of basic source rock, are entirely absent. 
Granitic Rocks 
The presence of granitic rocks in the provenance during the deposi-
tion of the "Upper" Vindhyan sandstones is suggested by the occurrence of 
partially abraded euhedra ef toutmaline and zircon, and subangular to 
subrounded quartz grains showing low elongation ratios. In the Kairaur and 
Rewa sandstones, the proportion of such grains is very small (Plates X 
and XI). As mentioned earlier, most zircon and tourmaline grains in 
these two formations are rounded to well rounded, and show a high degree 
of abrasion, so much so that the original crystal outlines are almost 
completely modified. In the Bhander sandstone, well developed to partially 
abraded euhedra of tourmaline and zircon are common (Plate XII), and so 
are also subangular to subrounded grains of quartz showing sharp extinction 
and small elongation ratios. The very small amount (0 to 2.4 per cent) of 
microcline and sodalime plagioclase present in many samples of the sandstones 
mayi, perhaps, be attributed to this source. 
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COMPOSITION AND DISTRIBUTION OF PHE-VINDHYAN ROCKS 
A palaeocurrent analysis of the "Upper" Vindhyan sandstones in the 
Kota-Rawatbhata area, has revealed that the sediments were transported in 
a general westerly direction in the study area and that, in all probability, 
the provenance was situated to the east of this area. Further, by and 
large, the palaeocurrents were consistently uniform through time, and it 
appears that one and the same source area supplied the debritus to the 
"Upper" Vindhyan basin throughout its history. This conclusion is strengthened 
by the fact that all sandstone formations under study are remarkably similar 
in their compositional characters, thus, indicating a common provenance 
for them all. 
Fig. 19 shows the present day distribution of the pre-Vindhyan 
rocks east of the study area, that is, the region where the provenance 
should have been located. This region is largely covered by the Bundel-
khand "gneiss" (Early Precambrian), but some small patches of raeta-sedi-
mentary rocks, belonging to the Bijawar and Gwalior "series", also occur. 
The Bundelkhand "gneiss" occurs in a huge, roughly semi-circular 
patch from south of Gwalior upto Bijawar, and constitutes the basement 
on which the subsequent younger sedimentary formations were deposited in 
the region (Pascoe, 1950; Jhingran, 1958; Mathur, I960; Waflia, 1966; 
Krishnana, 1968). According to Jhingran (1958, p.2), "the term Bundelkhand 
'Gneiss* as applied to the typical rock of this region is a misnomer, the 
bulk of it being a massive granite". Associated with the granites, in 
certain areas, are also some gneisses which show crude foliation; but such 
rocks are always subordinate to the granites. The granites and gneisses. 
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according to the earlier workers, typically comprise quartz, soda-lirae 
plagioclase, orthoclase,hornblende,and mica, but are rather very poor in 
accessory minerals. Inclusions of hornblende-, talc-, and chlorite-schists, 
granulite, quartzite and slate are sparingly associated with them. They 
are traversed by huge quartz reefs, pegmatite veins, and dykes of dolerite. 
The present day distribution of outcrops of the Bijawar and Gwalior 
"series" is scanty (Fig. 19). The former is exposed in two outcrops along 
the southern boundary of the granite and is about 260 meters thick in the 
type area, while the latter occurs south of the Gwalior in a narrow belt 
about 80 km long, and 24 km broad, and is about 700 meters thick (Pascoe, 
1950, p. 288). The outcrop of these two formations are separated from 
each other by a stretch of about 193 km comprising Bundelkhand granite 
and gneiss. The Bijawar "series" consists of quartzite, ferruginous, 
sandstone, cherty limestone, ferruginous shale, ferruginous conglomerate, 
banded Jaspar, chert breccia, some tillites and basic lavas and intrusives 
(Dubey, 1955; Pascoe, 1950; Mathur. I960; Wadia, 1966; Das and Khan. 
1967; Krishnan 1968). According to Bhattacharya (1969a), the sandstones 
are coarse to medium grained, poorly sorted, and comprise angular to sub-
angular grains of quartz embedded in a clayey matrix. The "quartzite" 
(quartzose sandstone ?) is well sorted, and is made up of well rounded 
grains of quartz showing authigenic overgrowths. The sandstone and 
"quartzite" are cross-bedded and ripple marked (Das and Khan, 1967; 
Bhattacharya, 1969b) and some of the chert beds show stromatolites (Khan 
and Das, 1968). 
The Gwalior "series" comprises a thick sequence of practically 
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unnietamorphised sedimentaries. In its lower part (Par "stage") it 
consists of fine grained quartzose sandstone and subordinate shale, 
while the upper part (Morar "stage") contains a thick sequence of 
quartzose sandstone, limestone, hornstone, ribbon jasper, ferruginous 
shale, porcellanite, and contemporaneous basis lavas (Krishnan, 1968, p.169) 
The present day distribution of the Bijawar and Gwalior "series" 
is, however, no indication of their original extension. All along the 
western and southwestern margin of the Bundelkhand "gneiss", the Kairaur 
sandstone rests unconformably over the granites and gneisses, and contains 
at its base a conglomerate horizon. According to Pascoe (1959, p.522-523) 
"From Bundelkhand to ^alior State the conglomerate is seldom entirely 
missing ... (and) ... is everywhere conspicuous by reason of the prominence 
therein of the bright red Jasper pebbles derived from the Gwaliors or 
Bijawars... The amount of this easily recognisable jasper debris through-
out such a length of outcrop and at such a distance from the nearest 
known area of Gwalior deposits, suggests the extensive removal of these 
rocks from the area now occupied by the uncovered gneiss". Although much 
remains to be done on the various aspects of sedimentation of the Ctealior 
and Bijawar rocks, their original extent of deposition, and their mutual 
relationship, there is compelling evidence that they were far more 
extensive In their distribution at the time of Vindhyan sedimentation 
than what they are to day. The shaded area in map in Fig. 19, shows very 
approximately the probable limits of their former distribution. 
- 124 -
LOCATION OF PROVENANCE 
A consideration of the minora logical characteristics of the 
"Upper" Vindhyan sandstones in the study area suggests that sedimentary 
and metasedimentary rocks, comprising largely of quartzose sandstone, 
quartzite, and quartz schist, contributed liberally to their formation. 
Basic igneous rocks and granite provided a minor source - the former 
contributing uniformly throughout sedimentation history while the latter 
becoming progressively more important as sedimentation proceeded. 
i 
Palaeocurrent studies mark the region of Bundelkhand as the most 
likely source area for the "Upper" Vindhyan sediments of the Kota-
Rawatbhata area. This region, as discussed earlier, was perhaps largely 
covered by sedimentary and meta-sedimentary rocks and associated basic 
intrusives and lava flows of the Gwalior and Bijawar "series" at the 
beginning of sedimentation. The Bundelkhand granites and peisses, 
which provide the basement to the younger sedimentary formations,lay more 
or less concealed below them but in view of the extensive pre-Vindhyan 
erosion of the Gwalior and Bijawar rocks (Pascoe, 1950, p. 290), their 
isolated, small inliers, outcrop:^ing from beneath the younger formations, 
were probably common. 
During the iCaimur and Rewa times, the major contributors were the 
Gwalior and Bijawar rocks which, on the one hand, provided second cycle 
quartz, very well rounded grains of tourmaline, zircon and chert and, on 
the other, fragments of quartzite and quartz-schist, grains of metamorpbic 
quartz and heavy minerals such as zoisite and detrital micas and chlorite. 
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The basic rocks associated with them supplied only their relatively more 
stable heavy minerals such as magnetite, ilmenite, rutile and titanite. 
Minor contributions from the Bnndelkhand granites and gneisses are, 
perhaps, represented by the small proportions of felspars, subangalar to 
subrounded first cycle grains of quartz showing slight to moderate 
undulose extiction and small elongation ratio, as well as by those grains 
of zircon and touztnaline which are of first cycle and have, thus, retained 
their original euhedral crystal outlines. 
As erosion proceeded, more and more of the underlying Bundelkhand 
granites and gneisses must have been exposed in the source area. Thus, 
from insignificant contributors in the beginning, they probably became 
important source rocks towards the close of Upper Vindhyan sedimentation. 
During the deposition of Bhander slandstone, therefore, four distinct 
source rock associations, namely, (1) quartzose sandstone-shale-chert-
limestone, (2) quartzite-quartz-schist - low grade pelitic schist, 
(3) basic dykes, sills and lava flows and (4) granite and gneiss, provided 
sediments to the basin of deposition. 
CHAPTER - VI 
SEDIMENTATION HISTORY AND DIAGENESIS 
SEDIMENTATION HISTORY 
General Remarks 
The Vindhyan sediments are approximately 4,500 meters thick, and 
cover an enormous area of about 104.000 sq Km in Central India, and it is 
estimated that roughly 78,000 sq Km of these rocks lie hidden below the 
Decan Trap (Cretaceous-Eocene). Such an enormous accumulation of sediments 
must have taken place under varying conditions of deposition through 
space and time, and it is obviously meaningless to talk of a generalised 
sedimentation model for the entire Vindhyan System. Earlier workers, 
covering relatively small areas and taking into consideration a limited 
number of physical and chemical attributes, have identified a number of 
depositional environments in which the Vindhyan sediments accumulated. 
Misra (1969) has suimnarised the earlier views on the environments of 
deposition of the Vindhyan rocks. 
A depositional environment is a complex of physical, biological, 
chemical, tectonic, and climatic conditions prevailing at the time of 
sedimentation (Shepard and Moore, 1955). The first three of these attri-
butes are of local character and determine the immediate environment of 
the depositional site, while the tectonic setting and climatic conditions 
are broader controls which impress certain common characters on sediments 
- 126 -
- 127 -
deposited in the basin nnder different local conditions, and tie them 
into a consanguinous association. In the present study an attempt is 
made to decipher the physical and geomorphic conditions prevailing at 
the time of "l^jper" Vindhyan sedimentation in the Kota-Rawatbhata area, 
and also to bring out the broad tectonic setting under which sedimenta-
tion took place. The physical milieu has been interpretted from sediment 
properties, such as texture and sedimentary structures, which are contro-
lled, by and large, by the mechanical energy of the immediate environ-
ment of deposition. The probable geomorphic setting of the depositional 
site is reconstructed with the help of inferred physical conditions of 
the environment, and through a comparison of the characteristics with 
published literature. An integrated study of the textural, structural, 
and compositional characteristics of the rocks, permits an evaluation of 
the tectonic framework of sedimentation. 
Physical and Geomorphic Conditions of Deposition 
Kaimur Sandstone 
The textural maturity of the Kaimur sandstone throughout the 
study area is a significant feature which is useful in interpretting 
the physical conditions of deposition. It will be recalled that the 
sandstones are moderately to well sorted and contain rounded to well 
rounded grains. Further, the absence of clay-size particles in all samples 
is noteworthy. This absence does not appear to be due to the non-
availability of the fine detritus during sedimentation because the 
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Kaitnur sequence does contain some thin partings of shale, specially in 
the middle and upper parts, and also because the overlying (Rewa shale) 
as well as the underlying (Suket shale) formations are predominantly shaly 
and siltyl The above textural features indicate that the deposition of 
the Kaimur sandstone took place in a high energy environment where, on 
the one hand, wave action efficiently removed the finer detritus and, on 
the other, sorted and continuously moved the coarser, imparting the 
extraordinary textural maturity that they possess. 
Despite the overall picture of high mechanical activity during 
Kaimur sedimentation, the specific hydrodynamic conditions of deposition 
appear to have varied as deposition proceeded. The basal 9 m of the 
sequence, as mentioned earlier, is massive, and apparently devoid of all 
internal structures. In the absence of X'-Ray and other etching tests 
(Hamblin, 1962, a,b), it is not possible to say whether these rocks do 
not contain any Internal structures atall or, if present, they are not 
visible to the unaided eye due to their particular diagenetic history. 
The overlying 3 m show isolated single sets of small scale cross-strata 
and some straight-crested ripples of low amplitude. In the light of 
modern researches, both experimental and In the field, these structures 
are known to develop at low intensities In the lower flow regime. The 
succeeding 30 m of the sandstone is profusely cross-stratified and ripple 
marked. The cross-strata are of the trough type and of larger size, and 
occur in repeated cosets; the ripples are generally symmetrical and of 
large size. According to Allen (1963 b, p. 226), ."Assemblages of large 
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scale cross-stratified sets in sandstones may be taken as probably imply-
ing flows of moderate to high intensity in the lower flow regime". Then 
follows a unit, 14 m thick, which is characterised by thin bedding and 
numerous interbeds of flat-bedded sandstone showing parting lineation, 
and thin shale partings with even laminae. The development of parting 
lineation indicates shallow water of moderate velocity (Stokes, 1947), 
and that the flat-bedded sandstones were formed in the upper flow regime 
(Simons and Richardon, 1961; Allen, 1963c, 1964a, b, 1965a). The remain-
ing 9.5 m of the Kaimur sequence consists of thinly laminated red (hematitic) 
and green (glauconitic) shale (4.5 m) sandwiched between 2,5 m thick beds 
of coarse to fine grained, ripple cross-laminated glauconitic sandstones. 
This unit indicates deposition partly under conditions of low intensities 
in the lower flow regime and partly under quiet water conditions. 
Taken as a whole, the Kaimur rocks appear to have been deposited 
in a host of coastal and shallow marine environments (Table 12). This is 
suggested by the vast aerial continuity of the sheet-like sandstone bodies^ 
presence of glauconite, and textural maturity of the sediments. The basal 
12 m consisting of solitary trough cross-stratified, massive sandstone, 
may well have formed on back-shore beaches by scouring as observed by 
McKee (19S7a, p., 1712) in some recent sediments and suggested by Allen 
(1965a)for similar units of the ^pper Old Red Sandstone of South Wales. 
The succeeding unit of grouped cross-stratified sandstones suggests depo-
sition by the migration of large-scale ripples (Cornish, 1901; Allen, 
1965a) such as over extensive, sandy intertidal flats. Further support 
for deposition in the intertidal zone is obtained by the abundance of long 
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and parallel crested ripple marks showing diverse, and often intersecting, 
patterns ( U n e , 1963; Klein 1963b; 1966, 1967; Masters, 1967; Potter. 
1967) and by the multimodal (usually quadrimodal) distribution of cross-
stratification directions (Evans, 1965; Klein„ 1965, 1967; Potter, 1967). 
The next 14 m, consisting of a sequence of thin bedded and flat-bedded 
sandstones, compare with modern beach sands (Hiompson, 1937; KcKee, 1957a; 
Van Straaten, 1959). According to Allen (1964 b, 1965 a), the presence 
of parting lineation in the flat bedded sandstones may suggest "the up-
and-down sweep of waves breaking up a beach face". Concentration of 
opaque heavy minerals (ilmenite and magnetite) in some flat-bedded sand-
stones of this unit indicates intense ravorking and sorting of light and 
heavy minerals in a high energy environment such as existing on beaches 
(^Lagvinenko and Beraizov, 1964; Zimmerl®, 1964; Potter, 1967). The high 
degree of maturity of this unit is also suggestive of the littoral zone 
where surf action results in excellent sorting and prolonged abrasion 
promotes roundness. Folk and Robles (1964, p. 290) have suggested that 
in most beach sands the value of graphic standard deviation ( o-j ) range 
between 0.30 to 0.6 <f> , and it is interesting to note that 8 out of 9 
samples of the flat-bedded sandstones analysed show a range of cTj from 
0.30 to 0.56 4 . The remaining 9.5 m of the Kaimur sequence in the study 
area was deposited under wholly marine (epineritic) conditions as indicated 
by the presence of abundant authigenic glauconite in the constituent 
sandstones and shales. The lower 2.5 m of this unit consists of medium 
to coarse grained glauconitic sandstone in which opposite-dipping sets of 
ripple cross-stratifications are commonly seen and which probably indicate 
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the influence of flood and ^ b tides during sedimentation. The petrogra-
phic characters of this sandstone compares with offshore bar sands deposited 
in agitated, shallow water environments (Sabins, 1963). Somewhat deeper 
water conditions of deposition are indicated by the overlying 4.5 m of 
laminated shale but the topmost 2.5 m of glauconitic sandstone indicates 
a return to the same conditions under which the lower glauconitic sandstone 
was deposited. 
Rewa Shale and Rewa Sandstone 
The Bewa sequence can be divided into 4.rather unequal, units on 
the basis of lithology, bedding characters.sedimentary structures, and 
textures. The lower three units constitute the Rewa shale, while the 
uppermost constitutes the Bewa sandstone. Sedimentologically, the entire 
sequence can be considered as one single whole because it represents the 
continuation of the same process of sedimentation through time. 
The lowest unit is 34.5 m thick, and comprises thinly laminated 
fine silt and clay. The individual laminae are 1 to 5 mm thick, and can 
be traced for several meters without losing their identity. No internal 
structures are discernible in this part of the sequence. The fine size 
of the detritus and the persistant nature of the laminae indicate that 
the sediment was laid down in quiet waters, most probably from suspension. 
The next unit is 45.5 m thick, and comprises essentially of thin to thick 
bedded calcareous shales which contain 1 to 2 cm thick intercalations 
of very fine sandstone. The sandy intercalations become thicker and more 
- 133 -
numerous in the upper part of the sequence and are often ripple cross-
stratified. In the uppermost part the shales exhibit interference type 
of ripple marks. The bedding characters and primary structures indicate 
that the deposition of this unit took place, mainly, from suspension in 
a quiet marine environment which was, perhaps, interrupted by occasional 
influxes of short lived currents of low intensity in the lower flow regime. 
By and large, the two lower units give evidence of deposition in deeper 
waters well below the wave base, where sedimentation was mainly controlled 
by the setting velocities of clastic particles. 
The third unit, which is 14.5 m thick in the vicinity of Bhains-
rorgarh, and is missing in the eastern and southern parts of area, consists 
of alternating beds of fine and coarse detritus. Its base is marked by 
a poorly sorted shale pebble conglomerate showing graded bedding. The 
shales are silty and thick bedded and often taper at both ends within 
distances of a few meters. The sandstones are fine to very fine, and 
occur as big and small lenses interbedded with the shales; occasionally 
they occupy erosional channels within the shales. Current markings such 
as flute cast, groove cast and load structures abound in this unit. The 
hydrodynamic conditions of deposition seem to have fluctuated widely and 
repeatedly during the deposition of this unit. Deposition took place 
from suspension, density currents, and wave action. 
The topmost unit is represented by the Rewa sandstone which is 
10 m thick at Kolipura where alone it is fully exposed. The basal 4 m 
of this unit is characterised by occasional shale intercalations. The 
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sandstone is medium to fine grained, clean washed and moderately sorted, 
and gives evidence of deposition under moderately agitated water conditions 
At a height of about 4 m from the base of this unit, there occur a few 
very thin layers of unsorted shale pebble conglomerate in which the thin 
shale fragments lie horizontally in a silty matrix. Their formation under 
conditions of intermittent subarial exposure, induration, and subsequent 
dessication and reworking is suggested. The horizontal- disposition 
of the flat-pebbles indicates lack of high energy turbulence in the 
depositional environment. The remaining 6 m of the Rewa sandstone is 
massive, and displays no internal structure other than occasional sets of 
planar cross-stratification and some asymmetrical ripple marks. Parting 
lineation is seen in one or two interbeds of flat-bedded sandstones. 
Texturally, the sandstone, are medium to fine grained, moderately sorted 
and compositionally clean. Their deposition under shallow agitated water 
conditions is most probable. 
The above review shows that the most characteristic feature of 
Rewa sedimentation in the study area is that the low energy sediments 
deposited below wave base are successively overlain by sediments deposited 
in shallower and shallower waters in response to increasing flow regime 
(Table 13). This characteristic, when viewed in the light of features 
described above, suggests two processes, namely, regressive marine and 
deltaic (Rich, 1951; Kruit, 1955; Miller, 1961; Visher, 1965), which 
could have been responsible for the formation of the Rewa shale and 
sandstone. 
A distinction between the closely-resembling regressive marine 

- 136 -
and deltaic processes in such ancient rocks as the Vindhyans, specially 
in the absence definitive fauna, is difficult. However, Fisher (1965, 
p. 52) has pointed out that the regressive marine sequence differs from 
a deltaic sequence in the following essential respects 
1. In the deltaic environment, the low energy sediments deposited 
below wave base are thicker and much more extensive in their aerial dis-
tribution than their counterparts in the regressive marine environment. 
2. The rate of sedimentation in the distal and pro-delta environments 
is more rapid than the below-wave-base environments in the regressive 
marine sequence. 
3. In the upper part of the pro-delta environment, the grain size, 
sorting, and thickness of individual beds is much more variable as compared 
to the "transition zone" of the regressive marine environment. 
4. Flow structures are more abundant and small scale cross-stratifi-
cation is common in the upper part of the pro-delta sediments as compared 
to the sediments laid down in the "transition zone". 
5. The topmost part of the pro-delta sequence (delta fringe), is 
predominantly coarser, better sorted, and thicker than its counterpart 
in the regressive marine sequence. 
6. All units within the regressive marine sequence are sufficiently 
widespread, but the upper part of the pro-delta environment is aereally 
restricted. 
A consideration of the above factors shows that the stratigraphic 
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and sedimentary features of the Rewa sequence fit better into the deltaic 
model. Broadly speaking, the 4 units into which the Bewa sequence can 
be divided, correspond most likely to the four critical environments of 
the marine part of deltas (Table 13). The lowest unit represents depo-
sition in the distal pro-delta environment where sedimentation takes 
place under relatively deep water conditions. Only the finest detritus 
discharged into the sea by distributaries, reaches this spot and settles 
down as Interlaminated silt and clay. The next unit is a continuation 
of the filling-up process, and corresponds to sediments laid down in the 
lower part of the pro-delta. Due to rapid filling up of the sediments, 
the basin became progressively shallower, and occasional influx of water 
currents resulted in the deposition of thin bands of ripple cross-
stratified sandstones. The third unit corresponds to the upper part of 
the pro-delta. As mentioned earlier, this unit has a restricted aerial 
distribution and is missing from the eastern and southern parts of the 
area, being best developed in the vicinity of Bhainsrorgarh and further 
westwards. Bedding characters and sedimentary structures indicate that 
the sediments were laid down near wave-base. Flow and load structures are 
common, indicating a rapid rate of sedimentation and periodic surges of 
turbulent currents. These features are considered typical of the upper 
part of the pro-delta environment. The Rewa sandstone, constituting the 
fourth and the topmost unit, was deposited as a delta-fringe sediment. 
Its lower part shows the characters of muddy tidal flats in the inter-
distributary areas (tane, 1963; Vlsher, 1965; Masters, 1967; Potter 
1967), while the upper part, those of bars near the mouths of distributaries 
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or beaches (Miller, 1961; Vlsher, 1965; Potter, 1967). 
Ganaroarh Shale 
The Ganurgarh shale, forming the base of the Bhander group in 
the study area, shows two different lithologic and structural associa-
tions in its lower and upper parts (Table 14). The lower part (about 
10 m) is composed of thin to thick bedded shales with minor intercalations 
of fine to very fine-grained sandstone. The shales are often ripple-
marked in diverse orientations; the sandstones are ripple cross-stratified 
and commonly show flow markings (flute, groove and bounce casts) and load 
structures on their soles. Small erosion channels, filled with very fine 
sand or silt, are sometimes seen. The deposition of this unit under 
conditions of alternating turbulent and quiet water conditions, with 
occasional episodes of sudden and rapid rate of sedimentation, is suggested 
from the integrated study of bedding characters, structures and textures 
of the sediments. The upper part (about 12 m) of the Ganurgarh shale 
is calcareous, and includes thin bands and lenses of microcrystalline 
limestone. The absence of sandstone intercalations and the appearance 
of fine carbonate sediments in bands, stresses the rapid deposition of 
llrae mud from temporary, protected, sheets of sea water supersaturated 
with calcium carbonate. 
The lower part of the Ganurgarh shale shows lithologies, structures 
and textures compatible with deposition in the lower reaches of intertldal 
mud flats (Lane, 1963; Masters, 1967; Potter, 1967; Klein, 1967), 
while the upper part could have been deposited on intertldal or supratidal 
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carbonate mud flats (Roehl, 1968; Braun and Friedman, 1969). 
Bhander limestone 
As mentioned elsewhere, the Bhander limestone comprises three 
lithofacies, namely, interlaminated c8lcisiltite-calcilutlte« flat-
pebble ealcirudite breccia, and massive, thickbedded, microcrystalline 
limestone (Table 14). The first of these is 4 to 10 m thick, while the 
second occurs within the first a few meters above its base, and is 2 to 
4.5 m thick. The massive limestone constitutes the top of the carbonate 
sequence and is 27 to 100 m thick in the various parts of the area. 
The predominantly red colour of the interlaminated facies, and 
the high amount of insoluble residues (16 to 27 per cent by weight) 
contained therein, are indicative respectively of deposition in an oxidis-
ing environment and the nearness of the depositional site to land. The 
fine and consistent laminae of lime mud and silt, and the clayey nature 
of the insoluble residues, point to a low energy environment where water 
turbulence was negligible. That the lime mud was often subaerially 
exposed, is indicated by the fact that the interbedded flat-pebble cal-
cirudite breccia is composed almost entirely of fragments derived from 
the underlying laminated carbonate mud. Since lime mud is known to harden 
early in an aerated zone (Ginsburg, 1957), it can be visualised that the 
subaerial exposure and dessication provided the flat slabs and chips which 
were subsequently deposited with dense lime-mud matrix as a flat-pebble 
calcirudite breccia. The sharp angularity of the flat pebbles denotes 
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lack of appreciable transport prior to deposition. The horizontal or 
near horizontal orientation of the slabs, their low packing density, 
and association with lime mud, preclude the possibility of strong currents; 
instead* these features suggest that the pebbles were **floated" in by 
feeble currents. The movement of big slabs in a low-energy environment 
is facilitated by their large surface-to-volume ratio, low bulk density, 
and convenient shape (Roehl, 1967, p. 2009). 
Tidal flats and tidal channels have been considered to be the 
most favourable sites for the accumulation of calcirudite breccias by 
most recent workers (Soderman and Carozzi, 1963; Gray, 1967; Braun, 
and Friedman, 1969; Jindrich, 1969). However, the interlaminated facies 
and the calcirudite breccia do not show many features, such as tidal 
channels, scour and fill structures, cross-stratification and ripple marks, 
which are considered diagnostic of the intertidal environment (Roehl, 1967; 
Braun and Friedman, 1969). On the other hand, the association of the 
interlaminated facies with calcirudite breccia, algal mats and stroma-
tolites, as observed in the lower part of the Bhander limestone, has been 
considered diagnostic of the supratidal zone by Roehl (1967). 
The loverlying massive limestone is composed entirely of micro-
crystalline calcite mud, and is devoid of all internal structures such 
as ripple marks or ripple cross-stratification. According to Folk (1962, 
p. 53) "These rocks imply both a rapid rate of precipitation of micro-
crystalline ooze, together with lack of persistent strong currents". Such 
rocks could, therefore, form in shallow protected seas as well as in 
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deeper offshore areas, and normally a distinction between the two con-
trasted environments can be made with the help of associated lithologies, 
sedimentary and/or organosedimentary structures, and compositional 
characters. In its lower part, this limestone rests over supratidal 
sediments, and there is no evidence to suggest an abrupt change of 
environments from the sapratidal to deep sea conditions. The upper part 
of this limestone contains algal stromatolites which are indicative of 
very shallow, warm seas. Further, the nearness of the depositional site 
to land, is strongly indicated by the large quantity (11 to 20 per cent 
by weight) of insoluble residues in these limestones. These lines of 
evidence suggest that the massive limestone was deposited in a shallow 
sea protected from the action of strong waves by a peculiar geomorphic 
configuration. Sheltered lagoons and broad, shallow, submerged shelves 
are possible geomorphic sites which could provide physical conditions 
for the deposition of quiet water limestones. The vast aerial extent of 
the Bhander limestone, and the absence of reducing or otherwise restricted 
water conditions in the environment of deposition, support the conclusion 
that it was deposited on a vast, shallow, submerged self where wave-
produced energy was cut off by the extensiveness of the shelf. 
Sirbu Shale 
/ 
The 30 m-thick Sirbu shale overlies the Bhander limestone with 
all signs of conformity, and consists of thin bedded sandy shale of 
predominantly dark red or chocolate colour with occasional green laminae 
(Table 14). It differs from the Rewa and Ganurgarh shales in its colour. 
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friable nature, and absence of sandy or calcareous intercalations. No 
internal sedimentary structure are seen in this formation in the study 
area, but elsewhere it is known to contain rain prints and ripple marks 
(Pascoe, 1959, p. 528). Its upper contact with the Bhander sandstone is 
gradational. 
The deposition of this unit under turbulence-free, very shallow 
water conditions, is indicated by its laminated nature and predominantly 
red colour. Occasional green laminae imply that the sediment interface 
fluctuated unevenly between oxidising and reducing environments, and the 
extensiveness of this formation (Pascoe, 1959) precludes the possibility 
of its formation in lagoons or other geographically restricted, sheltered 
environments. Looking at the geomorphic setting in which the underlying 
formation was deposited, it appears that the Sirbu shale was deposited 
on the extensive supratidal mud flats, left behind by the rapidly regress-
ing sea. 
Bhander Sandstone 
As mentioned earlier, this formation consists predominantly of 
clean, fine sandstones. Shale and siltstone intercalations, though 
infrequent, are sometimes quite thick (2 to 10 m). By and large, this 
formation is characterised by the defioiency of fine clastics and the total 
absence of conglomerates in the study area. The bulk of the sandstone is 
well sorted, and the size frequency distribution is either positively skewed 
or is symmetrical. The detrital grains are, on an average, rounded to 
subrounded. Locally, big and small channel forms are seen which are filled 
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with fine to very fine, moderately sorted, and positively to very positively 
skewed sandstones. Sample to sample variations in textural and composi-
tional properties are very small, and all samples studied are texturally 
mature and devoid of clay or silt-size matrix. 
Sedimentary structures in the sandstone are restricted in variety. 
Apart from the channel forms mentioned, cross-stratification is the most 
common structure and occurs in solitary sets, as well as cosets, from 
less than 5 cm to more than 2 m thick. It is noteworthy that the variance 
of foreset dip azimuths is very small and varies from 327 to 974 In 
the various sectors. The total variance for this formation as a whole, 
is 933. Symmetrical as well as asymmetrical ripple marks, showing rounded 
crests and with ripple index varying from 5.5 to 15, are fairly abundant. 
The ripple crests show a high degree of orientation, and are statistically 
aligned at right angles to the direction of current flow as deciphered 
from the dip azimuths of cross-strata. Flat bedding and parting lineation 
are developed in many of the finer-grained sandstones, specially in the 
lower part of the sequence.- Many flat beds carry small (2 to 8 mm), well 
rounded, elliptical cavities which, perhaps, represent the moulds of clay 
pebbles deposited at the time of sedimentation. Fining-upwards cycles 
have not been recorded in the study area, but cycles of upwards decreasing 
flow regimes have been observed. Each cycle usually, though not always, 
starts with flat-bedded sandstones showing parting lineation, followed 
upwards by thick-bedded sandstones showing cross-strata of successively 
smaller and smaller scale. Hie tops of many much hydrodynamic cycles 
consist of very fine, ripple cross-stratified sandstones or, rarely, ripple 
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marked silty shales. 
In the absence of palaeontological evidence, it is only through 
the integrated study of associated lithologies, primary structures, texture, 
and inferred hydrodynamic conditions, that the physical and geomorphic 
setup of the depositional site can be worked out (Table 14). Most sedi-
mentary features like erosional channels, sand-shale intercalations, 
unidirectional cross-stratification dip azimuths, asymmetrical ripples, 
and parting lineation, point to subaqueous origin of these rocks. A 
shallow water littoral (beach) origin, advocated by some earlier workers 
(Basumalick, 1961; Misra, 1969), is supported by some features of the 
Bhander sandstone such as its lateral extent, high degree of textural 
maturity, small sample to sample variations in textural and compositional 
properties, absence of distinct fining upwards cycles, and the overall 
paucity of shale in the stratigraphic sequence. On the other hand, the 
presence of numerous big and small erosional channels, very low variance 
of foreset dip azimuths, presence of some large scale cross-strata, the 
general unidirectional fan-shaped distribution of dip azimuths of cross-
strata, abundance of clay galls in the flat bedded sandstones, and repeated 
occurrence of cycles of upwards-decreasing flow regime, are features 
which suggest a fluvial origin, Any depositional model proposed for 
these rocks, therefore, must explain all the characteristics enumerated 
above, and should also fit into the general picture of "l^per" Vindhyan 
sedimentation in the study area. 
Several inferred ancient fluvial sediments show features that 
closely parallel those in the Bhander sandstone. Thus, a very close 
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similarity between the Bhander sandstone and the Tuscarora Quartzite 
(Lower Silurian) of the Central Appalachians Is noteworthy. Like the 
Bhander sandstone, the Tuscarora also is laterally extensive, clean, 
texturally mature, contains little fine clastics, and poses precisely 
the same problems as the former. Yeakel (1962, p. 1534) explained the 
vast lateral extent of the Tuscarora by assuming "constant lateral migra-
tion" of a "series of stream systems", and attributed the paucity of 
fine grained flood-plain deposits in it to "subsidence and reworking of 
material during lateral migration". Likewise, the rocks under study show 
close resemblance to the Facies A of the l^per Old Red Sandstone (l^per 
Devonian) of south Wales (Allen, 1965a) in respect of lateral extent, 
sandstone texture and mineralogy, scarcity of fine clastics, and sedi-
mentary structures. Allen (1965a, p. 182) considered the characteristics 
of this facies to be compatible with "deposition in the stream channels 
of an alluvial environment". He further concluded that "the streams were 
of low channel sinuosity, deposited little overbank sediments, and regularly 
combed across their flood plains largely to destroy what overbank sediment 
had temporarily accumulated". 
Thus,most features which appear to suggest a beach origin of the 
Bhander sandstone, can be explained satisfactorily if it is assumed, on 
the analogy of the Tuscarora Quartzite and the Upper Old Bed Sandstone, 
that the streams that deposited it were of low to very low channel sinuosity, 
and that they constantly migrated laterally, and, in the process, built 
up extensive sheets of clean, channel-deposited sands. The abnormally 
low variance of dip azimuths of cross-strata at the sector and formation 
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sampling levels, bears testimony to the relatively steep gradient, and 
hence very low channel sinuosity, of the depositing streams. The concept 
of dependence of variance on the slppe of the depositional surface has 
been stressed by Pryor (I960) and Balagopal (1969), and gets support 
from this study as well. Further, the presence of numerous erosional 
channels, the fan shaped unidirectional windrose diagrams of cross-stra-
tification, and abundance of clay galls, are considered digonostic of 
the fluvial environment (Pryor, 1960; lane, 1963; Allen, 1965b,c; 
Potter, 1967). "fte fact that fining-upwards cycles are not seen in the 
Bhander sandstone is probably due to (1) the predominantly fine size, 
and (2) wery small grain si2e variation in this formation. However, 
the systematic changes in the hydrodynamic conditions during deposition 
of a fluvial sequence are recorded in the various cycles of upward-
decreasing flow regimes described earlier. 
Tectonic Framework of Sedimentation 
It is the opinion of most earlier workers in the field of Vindhyan 
geology that the Vindhyan sediments were laid down under conditions of 
long continued tectonic stability (Krishnan and Swaminath, 1959; Banerjee 
and Gupta, 1963; Misra and Awasthi, 19621?: Misra, 1969; Bhattacharya, 
1969a). A review of the literature shows that this conclusion is based 
mainly on the presumption that the "orthoquartzite-carbonate lithological 
association" characterises the entire Vindhyan sequence. So deeply is 
this concept entrenched in the thoughts of earlier workers, that it led 
Prof, R.C. Misra to state in his Presidential Address to the Section of 
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Geology and Geography at the 56th Session of the Indian Science Congress, 
that "The orthoquartzite-carbonate lithological association of the 
Vindhyan System clearly shows that the sediments were laid down on a 
shallow, tectonically stable, platform marginal to a cratonic region...**. 
The generalisation that the entire Vindhyan system typifies an 
orthoquartzite-carbonate association is, perhaps, an over simplification 
of a complex situation. While this statement may hold good for the 
"Lower" Vindhyan sequence (Semri group), it is certainly not applicable 
to the "Upper" Vindhyan rocks of the study area. On an average, a typical 
section of this facies contains 29 per cent sandstone, 21 per cent shale 
and 50 per cent limestone, although examples are known where limestones 
are present to the extent of 80per cent or more of the section (Pettijohn, 
1957a, Table, 110, p. 612). In contrast to this, the "l^per" Vindhyan 
sequence in the study area, as also in general, contains about 34 per cent 
sandstone, 48 per cent shale, and only 18 per cent limestone, thus, 
emphasising the great preponderance of total clastics over nonclastics. 
Other diagnostic features of this facies, such as its small total thick-
ness, the abrupt vertical variations in lithological characters, and 
plurality of varied formations, are also not present in the "Upper" 
Vindhyan rocks. It is worth noting that the rocks under study differ 
from those belonging to the orthoquartzite-carbonate association in those 
respects which specifically reflect tectonic stability. On the other 
hand, this study shows that the rocks in the area under Investigation were 
deposited in a host of environments ranging from neritic, through deltaic 
and intertidal, to fluvial. They are, thus, neither marine nor continental, 
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but both. The predominent red colour of sediments in the upper part 
of the sequence, and the presence of glauconite and greenish shales in 
t 
the lower, indicate deposition under oxidising and reducing conditions 
respectively. In short, these rocks appear to have been deposited in 
an area of paralic sedimentation, bordering a continental platform. 
Another point usually cited in favour of tectonic stability during 
Vindhyan sedimentation, is the remarkable mineralogical maturity of the 
sandstone formations. However, the interpretation of mineralogical 
maturity of sands and sandstones in general, and the "Upper" Vindhyan 
sandstones in particular, is not simple. Among the important factors 
which influence the ultimate mineral composition of a clastic rock, are 
the composition of the source rocks and the tectonic and climatic conditions 
prevailing in the source area. The relative role of provenance and 
diastrophism have been much debated, and while the role of diastrophism 
has been emphasised by some (Krynine, 1935, 1943; Pettijohn, 1943), there 
are others who believe that provenance, rather than diastrophism, controls 
sandstone mineralogy (Folk, 1954; Klein, 1963a). Before interpretting 
compositional maturity in terras of tectonic stability, it is, as Pettijohn 
(1957a, p. 512) has put it, "obviously important to know if a sediment is 
a first cycle sediment derived from a crystalline rock or whether it is 
second cycle and is derived from earlier sediments". This is exactly 
where the earlier workers on Vindhyan sedimentation made the mistake. 
Evidence has been provided in the preceeding Chapter to believe that the 
•l^per" Vindhyan rocks in the study area are largely derived from earlier 
recycled sediments and metasediments. To argue in this setup that "l^per" 
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Vindhyan sediments owe their compositional maturity to tectonic stability 
alone, is therefore, fallacious, for the real cause of the extraordinary 
maturity of these rocks lies in the type of rocks which constituted the 
provenance. Likewise, many textural characters of the Vindhyan sandstones, 
such as the high degree of roundness and sorting of the detrital grains, 
may well have been inherited, atleast in part, from the earlier episodes 
of reworking. 
It is clear from the foregoing discussion that the two evidences 
usually cited to prove the near perfect stability of the tectonic frame-
work during Vindhyan sedimentation are not entirely valid. The repeated 
to-and-fro migration of the strand line in the study area through time 
may suggest that, after all, the tectonic setting of the region was not 
as stable as was presumed by the earlier workers. In the present state 
of our knowledge of Vindhyan sedimentation, it is problematic to say 
whether the several episodes of transgression and regression were in 
response to eustatic sea-level changes, to the varying balance between 
rate of sedimentation and basin subsidence, or to diastrophism in the 
provenance (Curray, 1964). The available published literature provides 
little evidence of eustatic changes of sea level during Vindhyan times. 
On the other hand, there appears to be a close connection between the 
rate of sedimentation and net transgression or regression in the area. 
The first transgression at the close of Kaimur sedimentation is marked 
by the appearance of glauconlte which is considered to be an indicator 
of a very slow rate of sedimentation (Cloud, 1955). The continuous 
regression of the strand line during Rewa and part of Bhander times was 
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in direct response to the rapid rate of sedimentation and the consequent 
shallowing of the sea. Ilie second minor phase of transgression is, again, 
marked by the more or less complete cessation of clastic sedimentation 
and the deposition of the massive Bhander limestone. The last phase of 
regression is marked by the deposition of the Sirbu shale and BKander 
sandstone when fluvial conditions were established in the study area. 
Inasmuch as the rate of sedimentation is ultimately tied up with 
diastrophism in the source area, it may be suggested that there were 
periodic events of uplift in the provenance which released floods of 
detritus from time to time. A contributory evidence to support this 
contention is provided by the gradual, though distinct, change in the 
direction of the palaeoslope from the Kaimur, throu^ Rewa, to Bhander 
times indicating that the centres of sediment dispersal shifted steadily 
through time. 
DIAGENESIS 
General Remarks 
The term "diagenesis" has been used rather loosely in geological 
literature, but all writers agree that it is a post-depositional process 
which tends to modify the primary characters of the sediments. It is dis-
tinguished from truly metamorphic processes by the fact that diagenetic 
changes usually take place at temperature and pressure conditions much 
less severe than what exist during metamorphism proper. However, there 
exists no sharp boundary line which separates the diagenetic from the 
metamorphic processes. In fact, according to Pettljohn (1957a, p. 648), 
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"diagenesis is ... the beginning of raetamorphism because it leads to 
modification of the textures, structures, and mineral composition of a 
sediment". Also, the scope of this term has varied with different 
vrriters. Thus, IWenhofel's (1932) definition would include all alterations 
in the rock prior to cementation but would exclude cementation from 
diagenesis. Correns (1950) used this term in a much wider sense and 
his definition of diagenesis includes all changes taking place in the 
rock between the time of its deposition and metamorphism. His usage of 
this term excludes surface weathering but includes submarine weathering. 
Pettijohn (1957a, p. 648-649) Includes cementation, authigenesis, diagenetic 
differentiation and segregation, diagenetic metamorphism, intrastratal 
solution and compaction within the orbit of this term which he defines 
as "the reactions which take place within a sediment between one mineral 
and another or between one and several minerals and the interstitial or 
supernatant fluids". This definition is accepted by most subsequent 
writers (Dapples, 1959; Siever, 1959; Glaeser, 1966). 
The present study is concerned with only two of the several dia-
genetic changes which have taken place within the "l^)per" Vindhyan rocks 
subsequent to their deposition. Biey are: (1) silica cementation, and 
(2) glauconitisation. Silica cementation has been widespread in the 
sandstone formations of the study area, and has imparted the characteristic 
"quartzite-like" appearance to them. Glauconitisation is restricted to 
the uppermost part of the Kaimur sequence, but its study was considered 
of interest in view of the fact that the mineral glauconite has been used 
recently to determine the age of deposition of the Kaimur sandstone 
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(Vinogradov and Tugarinov, 1964). 
Silica Cementation 
The problem of cementation of sandstones with silica, has attracted 
the attention of geologists for a long time, and many ideas have been put 
forward to explain the source and mode of deposition of silica. Broadly 
speaking, silica required for cementation may be derived from intrastratal 
or extrastratal sources, as also by direct inorganic precipitation from 
the sea water. 
Advocates of the extrastratal source of silica believe that silica 
is precipitated inbetween detrital quartz grains from meteoric (Van Hise, 
1904) or connate waters (Johnson, 1920). Since the silica content of 
both meteoric and connate waters is known to be very low (Clarke, 1924; 
MeentzM.§i.. 1^52; Krauskopf, 1956, 1959), it is difficult to visualise 
how it could be precipitated as extensively as it is found to occur in many 
sandstones. However, river waters, though very low in silica content (less 
than 35 ppm), are known to contain a much higher proportion as compared to 
normal sea water, which is estimated to contain 0.1 to 4 ppm of dissolved 
silica near the surface and about 0.5 to 10 ppm at depth (Clarke, 1924). 
Under conditions of appropriate provenance composition, tectonic stability, 
and warm humid climate, many river waters may get supersaturated with respect 
of quartz, and, when trapped in pore spaces for indefinite periods of time, 
may precipitate this mineral as secondary overgrowths around detrital quartz 
grains (Siever, 1959). However, a better and more readily available source 
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of secondary silica exists within the sandstone strata. It is believed by 
many workers that silica solutions may be generated from within the strata 
either by the interpenetration and pressure solution of quartz grains during 
burial and/or tectonic movements (Waldschmidt, 1941; Gilbert, 1949; Taylor, 
1950; Heald, 1953, 1955, 1956; Thompson, 1959) or by the solution of 
interstitial fines (Pye, 1944; Goldstein, 1948), The primary precipitation 
of silica from sea water, immediately following deposition, was advocated 
by Krynine (1941) but this hypothesis does not find much support from 
experimental and field data. Normal sea water is known to be of very low 
silica content, and, unless silica-secreting organisms intervene, it is 
difficult to visualise how it could be deposited from so much undersaturated 
solutions. This circumstance, coupled with the fact that modern marine 
sands do, not exhibit'contemporaneous deposition of silica, goes against 
this hypothesis (Pettijohn, 1957a, p. 658). 
As mentioned elsewhere, the thin section study of the "t^per" 
Vindhyan sandstones provides undeniable evidence that pressure solution 
was a major factor in cementation. Many thin sections show interpenetration 
of quartz grains on a large scale and most specimens studied are pressolved 
to varying degree. Although no quantitative evaluation of the degree of 
interpenetration of grains in the different sandstone formations was made, 
a rough visual estimate shows that the Kaimur sandstone is more highly 
pressolved than the Rewa and Bhander sandstones. In view of the closely 
comparable mineralogy and identical deformation history of all the sandstone 
formations in the area, the most plausible explanation for the difference 
in the degree of condensation of their framework, appears to be that the 
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Kaimur, due to its deeper burial, was more prone to pressure solution as 
compared to the other two formations. A direct relationship between 
pressure and the solubility of quartz in water is believed to exist 
(Kennedy, 1950). 
The data in hand, therefore, suggest that the mechanism of inter-
penetration and pressure solution of quartz grains can adequately explain 
all the cement in the relatively more pressolved Kaimur sandstone. This 
process is, however, inadequate to account for all the silica in the Rewa 
and Bhander sandstones because of the lesser degree of pressure solution 
undergone by them. An additional source has to be found for these sand-
stones. In this connection it may be recalled that the Rewa and Bhander 
sandstones are, perhaps, of deltaic and fluvial origin respectively, and 
it is reasonable to visualise that the composition of the "l^per" Vindhyan 
river waters played an important part in providing the additional silica. 
According to Siever (1959, p. 73), "Many river waters, though undersaturated 
with respect to amorphous silica are supersaturated with respect to quartz, 
and given enough time, would be expected to precipitate quarts as crystals 
or overgrowths". The composition of river waters, in his opinion "depends 
greatly on the nature of the terrain of the watershed, in particular, on 
the ratio of chemical to mechanical weathering". 
Reasons have been given elsewhere to believe that the watershed of 
the "l^per" Vindhyan streams consisted predominantly of quartzose sandstones, 
clean metaquartzites and quartz schists, and chert beds belonging to the 
Bijawar and Gwalior "Series". The long continued and deep chemical decay 
of these rocks, perhaps, yielded silica solutions in sufficiently large 
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quantities. Laboratory experiments show that silica is more soluble in 
water than is commonly believed (Krauskopf, 1959), and since its solubility 
is considered to be independent of pH for values below 9 (Alexander et al.. 
1954; White, M - S i * . 1956; Krauskopf, 1956, 1959; Okamoto et ai., 1957), 
no special chemical conditions need be visualised to dissolve silica from 
the highly siliceous rocks in the provenance. Streame draining the source 
rocks, thus carried the dissolved silica to the depositional site in 
amounts sufficient to cause precipitation under suitable physico-chemical 
conditions. 
Glauconitisation 
Glauconite occurs in the uppermost part of the Kaimur sandstone to 
the extent of 8.5 to 19.5 per cent by volume of the rock. Based on the mode 
of occurrence, three types are distinguishable namely, (1) pelletal, (2) 
flaky, and (3) interstitial. The pelletal form of glauconite is the 
most conunon, the pellets being well rounded, usually elliptical in outline, 
and of a size slightly larger than the associated quartz grains. The flaky 
form occurs in clusters whose outlines are usually crudely elliptical but 
often very much deformed. All gradations between the true pellets and 
patches of flaky glauconite are seen in thin sections, and the seemingly 
different nature of this type of glauconite is, perhaps, due to deformation 
and recrystallisation of the pellets resulting from flowage inbetween the 
more resistant quartz grains. Likewise, glauconite in the interstitial form 
also appears to have developed from the more or less complete crushing of 
glauconite pellets because, again, all gradations between the two modes 
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of occurrence can be seen in thin sections. 
Similar occurrences of "matrix-like", interstitial glauconite 
in the Kheinjua "Stage" of the Serari "Series" ("Lower" Vindhyan), were, 
however, considered by Auden (1933, p.163) to have formed from the "glau-
conitisation of clay material which was settling, or had already settled 
down, between the sand grains". Srivastava (1966) disagreed with this 
view and concluded that the matrix-like material arose from the crushing 
of glauconite pellets. In view of the h i ^ degree of textural and compo-
sitional maturity of the glauconitic sandstones of the Kota-Rawatbhata 
area and the presence in them of sedimentary structures indicative of a 
turbulent environment of deposition, it is difficult to imagine that they 
ever contained any sizable amount of clay matrix. 4 strong evidence in 
support of this conclusion comes from the fact that whenever the patches 
of inters-titial glauconite, and for that matter of flaky glauconite also, 
are big and many, the framework of the rock appears disrupted and yet the 
quartz grains show long and straight contacts and other effects of conden-
sation. This feature indicates that the rock when originally deposited, 
possessed a normal framework and that the subsequent condensation of the 
rock resulted in the crushing of the glauconite pellets which now appear 
either as irregular, recrystallised aggregates (flaky glauconite) or as 
irregular patches simulating a matrix (interstitial glauconite). The 
pelletal glauconite, therefore, appears to be the original form, and the 
other two varieties, its deformed modifications. 
Much has been written in recent years regarding the nature and 
origin of glauconite, Among the supporters of an organic origin are 
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Takahashi and Yagi (1929), Gildersleeve (1932), Cloud (1955) and Burst 
(1958 a,b). Takahshi (1939) considered the formation of glauconite from 
a number of parent materials such as opaline silica, mud pellets, fecal 
pellets, and volcanic glass through a process of "hydration and gelatini-
sation". An entirely different mode of origin of this mineral was proposed 
by Gallihar (1935 a,b) who believed that it formed as a result of submarine 
alteration of biotite. His conclusions find some measure of support from 
the investigations of Gruner (1935), Edwards (quoted in Pettijohn, 1957a) 
and Carozzi (I960) but, on the whole, a generalisation of this view is not 
favoured by observed facts (Allan, 1937; Hendricks and Ross, 1941). Burst 
(1958a,b) proposed an excellent model which reconciles many apparently 
conflicting views expressed by earlier workers. Thus, according to him 
(1958b, p.482) "Several theories of origin - (1) fecal pellet conversion, 
(2) foramlniferal cavity filling, (3) alteration of biotites, and (4) clay 
pellet agglomeration on the sea floor in response to undulating currents- can 
all be resolved by establishing the conditions of origin as requiring, 
simply, the silicate lattice, supplies of both potassium and iron, and a 
favourable oxidati on potential". Studies by Hower (1961) and Srivastava 
(1966) confirm the truth and wide applicability of Burst's conclusions. 
The view expressed on the origin of glauconite in the Khelnjua 
rocks (Semri "Series") by earlier workers, are not based on actual studies, 
but only reflect contemporary consensus of opinion on the subject expressed 
by workers in other parts of the world. Most of them have expressed the 
opinion that the Kheinjua glauconite is of organic origin (Auden, 1933; 
Sahni, 1941; Misra, 1949; Krishnan and Swaminath, 1959; Mlsra and 
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Awasthi. 1962b). 
A fluvio-detrital origin of the Kairaur glauconite is not favoured 
for the following three reasons: 
1. No glauconite-bearing pre-Vindhyan rocks are known to occur any-
where in the provenance which could have supplied the mineral to the basin 
of deposition. 
2. Even if such rocks existed during "Upper" Vindhyan times, but have 
been removed subsequently by erosion, such a large concentration of glauco-
nite (8.5 to 19.5 per cent by volume) in the sandstones is not conceivable 
in view of the peculiar physical properties of this mineral. Investigations 
by Werraund (1964, p.476) have shown that "fluvio-detrital glauconite does 
not occur as large deposits in the geological record. It appears that 
streams intersecting glauconitic rocks more than 50 miles from a closed 
basin would deposit less than 0.10 per cent glauconite into that basin. 
Fluvio-detrital glauconite is not significant in sediments containing more 
than 2 per cent glauconite". 
3. The density of freshly formed glauconite from modern marine sediments 
usually varies between 2.2 and 2.3 (Takahashi and Yagi, 1929; GiIdersleeve, 
1932; Gallihar, 1935a; Hatch et al., 1938), whereas unweathered fossil 
glauconite usually gives values between 2.82 and 2.86 (Hatch et. aj.., 1938, 
p.141). Thus, newly formed grains of glauconite must be considerably 
lighter than quartz, while the older (fossil) grains should be distinctly 
heavier. If the Kaimur glauconite came from pre-existing source rocks. 
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its density would be much higher than quartz and this fact would be 
reflected in its smaller grain size as compared to quartz. On the 
contrary the large size of the Kaimur glauconite as compared to detrital 
quartz, shows that it is not fluvio-detrital in origin. 
It is the opinion of the writer that the origin of the Kaimur 
glauconite can be explained more satisfactorily from purely inorganic 
processes without appealing to the intervention by organisms as was done 
by earlier workers. There is no evidence that organic activity was of 
any significance during Vindhyan sedimentation. Further, the glauconite 
pellets do not show the characteristics of fecal pellets such as their 
uniform and small size, and external ornamentation. Likewise the "submarine 
alteration" of biotite does not appear to be the possible cause of glauconite 
formation in the present case. Biotite does not occur even in the non-marine 
parts of the Kaimur formation, and it is difficult to imagine how it could 
be present in such large amounts in the clean-washed sandstones deposited 
in an agitated water environment. The absence of the typical "book-like 
laminations" of the glauconitised biotite also supports this conclusion. 
It appears more likely that clay pellets, derived from the adjacent tidal 
mud flats, were glauconitised soon after deposition but prior to compaction 
and condensation of the sediments. The comparable size and sorting of 
the pellets and the detrital quartz grains, suggests that both the consti-
tuents were collected and rolled together on the shallow sea floor. Since 
the silicate lattice was inherent in the clay minerals contained in the 
pellets, and there was no scarcity of potassium and iron in the sea water, 
glauconitisation could proceed provided a semi-oxidising environment was 
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available. One need not visualise organic activity for creating serai-
oxidising conditions because such conditions can be "accomplished in a 
depositional area of natural semi-oxidising conditions 'such as restricted 
basins or logoon" (Burst, 1958b). Although no positive proof of inorganic 
origin of the Kaimur glauconite is forthcoming from this study, nevertheless 
it provides a possible alternative to the organic origin so far advocated 
by earlier workers. 
CHAPTER - VII 
CONCLUSIONS 
An integrated study of sedimentary structures, texture, compo-
sition, and palaeocurrent patterns has enabled the writer to interpret 
the sedimentation and diagenetic history of the "Upper" Vindhyan sedi-
ments (? Late Precambrian) of the Kota-Eawatbhata area in southeastern 
Rajasthan. 
Geological mapping has confirmed the broad stratigraphic sequence 
established by Heron (1936) for southeastern Mewar (Rajasthan). The 
entire ."Upper" Vindhyan sequence which is about m thick in the study 
area, is conformable, and the lower and upper contacts of each formation 
is usually gradational with the immediately underlying or overlying for-
mations. The Kaimur group, which comprises several formations in the 
type area, is represented here by a single formation, that is, the Kaimur 
sandstone. The Rewa group is divisible into two formations - the Rewa 
shale and the Rewa sandstone - while the Bhander group comprises four 
formations, namely, the Ganurgarh shale, the Bhander limestone, the Sirbu 
shale and the Bhander sandstone in the ascending order. 
The sandstones are, on an average,, medium to fine grained and 
moderately to well sorted. The detrital grains are rounded to well rounded 
in the Kaimur but are subrounded to rounded in the Rewa and Bhander 
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sandstones. Clay or silt-size matrix is conspicuous by its absence in all 
samples studied. Compos itionally all sandstones are remarkably mature. 
Quartz (including overgrowths) comprises 96 to 99 per cent of the rock 
by volume. In the Kaimur and Bewa sandstones, quartz grains of metamorphic 
and multicycle origin far exceed those derived from igneous source rocks, 
but it is noteworthy that the quantity of igneous quartz increases appre-
ciably in the Bhander sandstone. Fragments of chert, quartzite, and 
quartz schist together comprise 2 to 3 per cent by volume. Felspars are 
practically absent in the Kaimur and Bhander sandstones but are present 
to the extent of 3 per cent in'the Rewa sandstone. The extreme paucity of 
heavy minerals, the small proportion of opaques in total heavies, and the 
dominance of only the most stable species (tourmaline and zircon) in well 
rounded grains, are features which further emphasise the compositional 
maturity of the sandstones. 
The reconstruction of palaeocurrents in the study area is based 
on the measurement of cross-stratification, ripple marks, parting lineation, 
and dimensional grain fabric. The distribution of foreset dip azimuths 
in the Kaimur and Rewa sediments is multimodal = 4098 and 3332 respective-
ly), but is much less dispersed = 933) in the Bhander. Although the 
direction of sediment transport remained westerly throughout the accumula-
tion of the "^pper" Vindhyan sediments,nevertheless a slight but sys-
tematic shift in the direction of palaeocurrents, from 272° in the Kaimur, 
through 284® in the Bewa, to 291® in the Bhander, is discernible. The 
consistency of palaeocurrents through space and time irrespective of the 
environment of deposition (marine or fluviatile), and the thickening of 
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the Bewa shale and the Bhander limestone in the westerly direction, 
indicate that the palaeocurrents are directed parallel to the basin 
slope. 
The sediment dispersal pattern and mineralogy of the "l^per" 
Vindhyan rocks indicate that a landmass existed east of the study area 
and consisted primarily of mature, perhaps recycled, sediments and meta-
sediments and some basic intrusives. In all probability the older Pre-
cambrlan metasediments of the Bijawar and Gwalior "Series" constituted 
the provenance. The basement Bundelkhand granite was, perhaps, insig-
nificantly exposed during the deposition of the Kaimur and Rewa rocks, 
but as erosion proceeded, more and more of it became available for con-
tributing its share to the Bhander sediments. 
The interpretation of the depositional environments is based on 
gross-lithology, bedding characters, primary structures, textures,and 
flow regime evaluation. Sedimentation in the study area commenced with 
the deposition of the lower part of the Kaimur sandstone over the Suket 
shale ("Lower" Vindhyan) in a slowly transgressing sea on a sandy inter-
tidal flat. As transgression continued, the shore line migrated eastward 
through the area and the intertidal sediments were gradually replaced by 
beach sediments. This was followed by the deposition of glauconitic 
sandstones, and shales, constituting the uppermost part of the Kaimur 
formation, in the epineritic zone. 
A very long period of regression followed through which the whole 
of the Rewa and a part of the Bhander sediments were deposited. In all 
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probability, the regression was caused by the rapid build-up of a series 
of deltas along the coastal plains which resulted in the rapid westward 
migration of the strand line. The assemblage known as the Rewa shale 
is represented, in the ascending order, first by the distal pro-delta 
sediments which successively gave way, as the sea became shallower, to 
the lower and then to the upper pro-d6lta sediments. With further 
regression, the delta-fringe sediments (Rewa sandstone) were deposited 
in the wave zone in a series of near-sbore environments. The shore line 
continued to migrate westward in the study area and, as a result, the 
deltaic and delta-fringe sediments were covered with extensive intertidal 
mud-flat deposits represented by the lower half of the Ganurgarh shale. 
It appears that the supply of fine terrigenous deritus progressively dimi-
nished during the deposition of the upper half of the Ganurgarh shale, 
and thin bands of micro-crystalline limestone were precipitated in temporary, 
protected intertidal or supratidal flats. This trend appears to have 
continued and the interlaminated calcisiltite-calcilutite and flat-pebble 
calcirudite breccia, forming roughly the lower one fourth part of the 
Bhander limestone, were deposited on supratidal carbonate-mud flats. 
The very slow rate of clastic sedimentation in a slowly subsiding 
basin, perhaps, resulted in another transgression of the sea which submerged 
the extensive flats and converted them into a broad, shallow submerged 
shelf of low relief. The extensiveness of the shelf prevented wave 
action, and the shallowness promoted saturation or supersaturation of 
the sea water with calcium carbonate. This combination of physical and 
chemical conditions resulted in the active precipitation and rapid 
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deposition of calcareous muds forming the massive Bhander limestone. The 
large amount of argillaceous insoluble residues in the limestone suggests 
quiet water conditions and nearness of the depositional site to land area. 
Once again a rapid increase in the rate of clastic sedimentation, 
perhaps in response to tectonism in the source area, appears to have 
terminated carbonate precipitation and initiated the rapid deposition 
of muds (Sirbu shale) in the newly formed intertidal and supratidal flats. 
As the seaward migration of the strand line continued, the tidal flats 
were gradually replaced by sandy alluvial plains built up by a system of 
rapidly migrating streams of very low channel sinuosity. The channel 
deposits of these streams now constitute the Bhander sandstone. 
The older view that the Vindhyan rocks represent a typical ortho-
quartzite-carbonate lithological association and that they were deposited 
in a very stable tectonic framework, does not appear to hold good, atleast 
as far as the rocks under study are concerned. The direct relationship 
between the rate of sedimentation and net transgression or regression 
noted in this study, shows that periodic uplift of the source area was 
going pari passu with sedimentation. Taken as a whole, the "Upper" Vindhyans 
appear to have been deposited in an area of paralic sedimentation border-
ing a periodically pulsating landmass. 
Among the many diagenetic changes undergone by the rocks under 
investigation, silica cementation is the most widespread. Interpenetration 
and pressure solution of quartz grains appears to have played a dominant 
part in the cementation of the sandstones. Although nearly all the silica 
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cement in the Kaimur can be explained by this mechanism, an additional 
source is required for the less pressolved fiewa and Bhander sandstones. 
It is believed that the latter two sandstone formations, being presumably 
of deltaic and fluviatile origin respectively, derived the additional 
silica through rivers, draining the chemically leached and highly sili-
ceous rocks in the provenance. Another important diagenetic change is 
the introduction of authigenic glauconite in the uppermost marine part 
of the Kaimur sandstone. Clay pellets constitute the host material which 
was glauconitised under submarine conditions in a natural semi-oxidising 
environment developing in a locally restricted sea. 
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APPENDIX I.- CROSS-STRATIFICATION FORESET DIP AZIMUTHS. INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES. 
Locality 
Number 
Foreset 
azimuth 
Foreset 
inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
Foreset 
azimuth 
(in degrees) 
Foreset 
inclination 
(in degrees) 
Thickness 
(cm) 
KAIMUR SANDSTONE 
200 
310 
240 
220 
295 
270 
320 
280 
290 
15 
7 
20 
30 
28 
20 
15 
15 
10 
280 
280 
330 
310 
300 
350 
245 
260 
12 
20 
10 
10 
25 
10 
5 
15 
225 
245 
270 
310 
270 
240 
320 
320 
225 
320 
240 
270 
10 
15 
10 
20 
10 
10 
10 
8 
15 
10 
10 
20 
220 
245 
230 
240 
270 
250 
255 
220 
245 
340 
220 
220 
10 
10 
20 
30 
10 
10 
8 
10 
10 
20 
25 
300 
255 
15 
190 
5 
20 
18 
15 
240 
290 
45 
285 
20 
12 
20 
30 
- r -
- II -
APPENDIX I.- CROSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.) 
Locality Foreset 
N h azimuth inclination 
iMumoer degrees) (in degrees) 
Thickness 
Foresfet Foreset Th-!#«ifnocc 
, . azimuth inclination 
(in degrees) (in degrees) 
280 
270 
20 
20 
265 
295 
18 
20 
295 
160 
235 
15 
12 
20 
15 
5 
25 
20 
15 
15 
280 
5 
247 
20 
20 
8 
15 
15 
20 
290 
280 
290 
285 
280 
280 
220 
325 
245 
245 
15 
18 
18 
5 
15 
12 
18 
15 
10 
10 
240 
240 
290 
330 
260 
270 
240 
240 
240 
12 
12 
12 
12 
12 
5 
15 
10 
12 
225 
245 
215 
225 
275 
235 
10 
8 
10 
8 
12 
15 
20 
15 
20 
20 
20 
25 
220 
305 
225 
245 
230 
290 
10 
8 
20 
12 
20 
10 
20 
15 
20 
15 
20 
25 
265 
325 
225 
20 
15 
20 
5 
10 
8 
285 
330 
30 
20 
8 
10 
- Ill -
APPENDIX I.- CROSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.) 
Fores«t Foreset 
M K ^ azimuth inclination 
Number 
8 
(in degrees) (in degrees) 
185 
164 
305 
329 
9 
9 
15 
15 
Thickness 
(cm) 
20 
3 
5 
3 
Foreset Foreset 
azimuth inclination 
(in degrees) (in degrees) 
270 
10 
165 
10 
10 
15 
Thickness 
(cm) 
20 
3 
8 
290 
280 
270 
155 
245 
140 
227 
169 
270 
18 
10 
15 
10 
10 
8 
8 
8 
10 
20 
20 
15 
10 
.3 
15 
5 
25 
10 
165 
340 
330 
330 
245 
270 
230 
225 
12 
10 
5 
10 
10 
10 
10 
10 
15 
20 
8 
13 
3 
10 
15 
10 
10 280 
270 
285 
275 
245 
22 
10 
10 
18 
12 
13 
5 
8 
10 
10 
215 
305 
275 
265 
245 
18 
12 
12 
18 
15 
13 
5 
38 
8 
10 
11 360 
225 
345 
12 
15 
10 
10 
10 
16 
12 
12 256 
255 
200 
20 
10 
20 
15 
20 
250 
230 
280 
25 
la 
17 
20 
- IV -
APPENDIX I.- CBOSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTQ.). 
Locality Foreset 
NttrnK azimuth inclination 
Number degrees) (in degrees) 
Thickness 
(em) 
Foreset Foreset 
azimuth inclination J ® ^ 
(in degrees) (in degrees) 
310 
215 
17 
12 
312 18 
13 285 
290 
280 
11 
7 
10 
312 
230 
290 
17 
7 
10 
14 300 
255 
15 
190 
280 
270 
5 
20 
18 
15 
20 
20 
5 
13 
25 
15 
240 
290 
45 
285 
265 
295 
20 
12 
20 
30 
18 
20 
15 
13 
8 
15 295 
295 
287 
26 
10 
20 
285 
290 
292 
10 
15 
20 
16 278 
260 
275 
245 
260 
230 
220 
280 
260 
250 
20 
18 
18 
21 
14 
14 
20 
12 
18 
16 
275 
260 
260 
230 
230 
225 
210 
296 
275 
245 
22 
15 
21 
22 
14 
20 
12 
15 
20 
18 
- V -
APPENDIX I.- CBOSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTQ.). 
r Foreset Foreset Foreset Foreset 
azimuth inclination ^^ azimutl^ inclination Thickness 
iNumPer ^^^ degrees) (in degrees) (in degrees) (in degrees) 
17 310 20 290 20 
250 8 310 10 
280 10 270 22 
280 20 280 20 
310 20 290 10 
285 10 270 15 
240 10 
18 270 30 290 25 
290 30 300 10 
310 20 290 20 
300 20 2 70 30 
300 20 270 10 
302 10 
19 330 10 280 10 
315 12 330 15 
330 30 300 15 
310 10 
REWA SANDSTONE 
20 220 14 15 260 15 15 
310 20 13 310 20 15 
290 14 10 285 10 20 
290 15 20 
- VI -
APPENDIX I.- CROSS-STRATIFICATION FOBESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "DPPER" VINDHYAN SANDSTONES (CONTD.). 
Locality , Thickness . Thickness 
^ . / Azimuth inclination , . Azimuth inclinatton , x 
tNumpet ^^^ degrees) (in degrees) (in degrees) (in degrees) 
21 200 
55 
295 
230 
130 
205 
213 
310 
310 
305 
330 
12 
10 
10 
10 
30 
12 
18 
10 
10 
20 
20 
5 
13 
20 
25 
13 
5 
43 
28 
61 
8 
41 
270 
300 
305 
330 
195 
310 
200 
295 
260 
300 
320 
30 
10 
12 
10 
12 
12 
28 
12 
20 
15 
8 
5 
5 
25 
25 
5 
30 
43 
30 
28 
5 
41 
22 280 
290 
310 
10 
20 
20 
300 
280 
15 
18 
23 270 
240 
260 
310 
20 
25 
10 
20 
5 
290 
280 
20 
20 
20 
BHANDER SANDSTONE 
24 270 
300 
330 
335 
280 
340 
15 
10 
8 
18 
12 
12 
260 
310 
345 
290 
320 
10 
20 
12 
12 
12 
- VII -
APPENDIX I.- CROSS-STRATIFICATION FOBESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "DPPER" VINDHYAN SANDSTONES (CONTD.). 
Foreset Foreset 
N h Azimuth inclination 
iNumoer ^^^ degrees) (in degrees) 
Thickness 
(cm) 
Foreset. 
azimuth 
Foreset 
inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
25 300 
340 
300 
260 
245 
300 
12 
6 
Ifi 
12 
8 
12 
335 
308 
270 
270 
270 
340 
8 
15 
12 
10 
15 
15 
26 330 
310 
260 
18 
20 
]5 
220 10 
27 300 
330 
280 
278 
10 
15 
20 
15 
304 
330 
272 
20 
10 
20 
28 29 
285 
300 
12 
24 
20 
295 
295 
280 
11 
21 
15 
29 215 
290 
10 
12 
260 
300 
10 
5 
24 
300 
290 
300 
310 
310 
10 
15 
18 
15 
14 
310 
290 
300 
310 
310 
25 
18 
18 
12 
25 
- VIII -
APPENDIX I.- CROSS-STRATIFICATIt)N FORESET .'DIP AZIMUTHS, INCLINATIONS AND 
THICKNESS IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Locality 
Number 
Foreset 
azimuth 
Foreset 
inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
Foreset Foreset 
aziirauth inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
31 340 
310 
340 
330 
20 
25 
15 
15 
300 
315 
330 
20 
20 
25 
32 300 
280 
10 
15 
310 
270 
15 
10 
33 300 
290 
290 
305 
300 
20 
15 
10 
20 
8 
15 
10 
325 
340 
290 
315 
310 
35 
20 
15 
10 
10 
8 
8 
10 
34 300 
335 
315 
25 
10 
15 
300 
300 
20 
22 
35 310 
250 
300 
18 
35 
18 
295 
275 
26 
10 
36 270 
280 
270 
15 
10 
10 
280 
270 
10 
10 
- IX -
APPENDIX I.- CROSS-STRATIFICATIt)N FORESET .'DIP AZIMUTHS, INCLINATIONS AND 
THICKNESS IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Foreset Foreset t u j ^ w ^ O -
azimuth inclination thickness 
(in degrees) (in degrees) 
37 265 
270 
265 
270 
270 
25 
7 
15 
10 
18 
Foreset Foreset Th^ 
azimuth inclination 
(in degrees) (in degrees) 
270 
265 
280 
300 
280 
18 
15 
15 
10 
25 
38 265 
265 
270 
27.0 
275 
IB 
20 
20 
10 
15 
260 
270 
270 
270 
265 
10 
15 
20 
10 
15 
39 270 
260 
290 
270 
20 
15 
20 
10 
270 
280 
230 
15 
10 
20 
40 305 
280 
20 
35 
390 
300 
8 
20 
41 310 
330 
320 
340 
20 
20 
20 
30 
270 
320 
350 
22 
20 
12 
36 
288 
280 
280 
15 
10 
10 
0 
200 
10 
10 
- X -
APPENDIX I.- CBOSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTQ.). 
Locality 
Number 
Foreset 
azimuth 
Foreset 
inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
Foreset 
aziitiuth 
(in degrees) (in degrees) 
Foreset 
i.inclination 
Thickness 
(cm) 
43 260 
260 
270 
300 
20 
18 
10 
10 
330 
260 
275 
10 
18 
15 
44 260 
270 
270 
250 
15 
10 
25 
35 
260 
220 
290 
15 
10 
30 
45 260 
320 
260 
260 
270 
15 
20 
18 
10 
15 
270 
270 
290 
270 
280 
10 
18 
15 
15 
10 
46 300 
275 
265 
10 
15 
15 
295 
300 
20 
10 
47 290 
256 
255 
265 
270 
285 
230 
250 
25 
10 
10 
20 
10 
10 
20 
10 
270 
290 
285 
270 
270 
270 
280 
260 
15 
10 
20 
25 
8 
10 
10 
10 
- XI. -
APPENDIX I.- CROSS-STRATIFICATION FORESST DIP AZIMUTHS, INCLINATIONS AND 
THICKNESS IN "UPPER" VrNDHYAN SANDSTONES (CONTDJ. 
Foreset Foreset Foreset Foreset 
Azimuth inclination thickness inclination ^^ ^kness 
iNumoer ^^^ degrees (in degrees) (in degrees) (in degrees) 
48 300 
290 
280 
10 
20 
15 
305 
270 
15 
10 
49 200 
240 
290 
235 
295 
10 
10 
20 
20 
15 
20 
15 
10 
15 
15 
275 
270 
225 
290 
339 
22 
15 
10 
20 
20 
5 
23 
23 
13 
15 
50 265 
312 
260 
265 
260 
340 
260 
320 
335 
300 
240 
305 
275 
285 
10 
15 
22 
15 
10 
10 
15 
15 
12 
15 
8 
15 
18 
15 
320 
280 
270 
20 
240 
335 
310 
315 
335 
280 
310 
270 
260 
286 
20 
25 
22 
10 
10 
20 
20 
25 
12 
20 
32 
15 
22 
20 
51 305 
260 
290 
10 
12 
15 
290 
290 
15 
12 
- XII -
APPENDIX I.- CROSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Foreset Foreset ti, Foreset Foreset 
azimuth inclination thickness inclination ^h ckness 
EMumoer ^ ^ degrees) (in degrees) (in degrees) (in degrees) ^ ^ ^ 
52 300 
270 
260 
300 
270 
300 
270 
260 
289 
10 
15 
20 
15 
15 
15 
15 
10 
360 
270 
260 
270 
250 
270 
270 
280 
10 
10 
10 
15 
15 
15 
10 
53 310 
290 
250 
20 
20 
16 
290 
340 
15 
15 
54 280 
275 
275 
15 
15 
12 
255 
265 
265 
10 
12 
12 
55 290 
290 
265 
265 
20 
20 
25 
18 
285 
285 
260 
290 
18 
22 
10 
12 
56 290 
265 
280 
20 
28 
18 
270 
260 
10 
20 
86 
290 
290 
280 
265 
25 
30 
15 
15 
285 
280 
270 
20 
15 
25 
- XlTt-
APPENDIX I.- CEOSS-STBATIFICATION FOBESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINOHYAN SANDSTONES (CONTD.). 
t^ Foreset Foreset Foreset Foreset -
S. h 7 azimuth inclination inclination ^h ckness 
(in degrees) (in degrees) ^ (in degrees) (in degrees) 
58 280 18 290 20 
280 18 290 18 
290 20 280 20 
59 270 20 255 10 
270 - 280 
320 10 315 15 
280 10 265 15 
60 270 20 260 20 
240 25 230 10 
270 15 
61 220 20 330 20 
340 20 280 10 
240 30 285 20 
270 20 290 25 
62 260 12 280 12 
270 15 270 15 
260 20 260 10 
300 15 
63 270 15 270 10 
260 10 270 20 
260 20 310 10 
270 10 270 20 
270 10 270 15 
320 20 270 10 
290 10 270 10 
280 10 275 15 
- XfV-
APPENDIX I.- CeOSS-STBATIFICATION FOBESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Locality , Thickness , Thickness 
N h o / azimuth inclination . azimuth inclination 
iNumoer ^^^ degrees) (in degrees) (in degrees) (in degrees) 
64 280 18 290 20 
275 20 260 20 
300 20 
65 270 25 295 8 
280 15 285 18 
270 10 300 20 
275 15 290 20 
305 25 290 15 
295 15 290 10 
66 330 20 330 20 
330 18 320 20 
300 25 305 20 
330 18 
67 310 20 310 20 
290 15 260 15 
290 20 270 20 
270 18 
68 340 20 330 15 
300 10 290 15 
300 10 300 15 
69 270 20 275 15 
270 15 2 60 10 
310 18 300 20 
300 20 
- XV.. -
APPENDIX I.- CBOSS-STRATIFICATION FORESET DIP AZIMUTHS. INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
r F o r e s e t Foreset , Foreset Foreset , 
inclination ^h ckness inclination thickness 
Number degrees) (in degrees) (in degrees) (in degrees) 
70 300 
280 
310 
290 
300 
18 
10 
25 
15 
10 
320 
320 
330 
295 
25 
20 
10 
10 
71 255 
270 
270 
260 
280 
265 
10 
25 
15 
15 
10 
15 
260 
270 
270 
270 
260 
20 
10 
10 
10 
10 
72 0 
240 
350 
310 
25 
5 
20 
20 
310 
0 
340 
20 
25 
20 
73 300 
275 
280 
320 
10 
10 
10 
25 
280 
270 
270 
280 
10 
15 
10 
20 
74 290 
290 
290 
275 
290 
265 
265 
15 
10 
12 
15 
8 
20 
18 
265 
300 
255 
280 
260 
250 
270 
15 
10 
18 
15 
20 
20 
20 
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APPENDIX I.- CBOSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "DPPER" VINDHYAN SANDSTONES (CONTD.). 
Foreset rn^aiittr Foreset Foreset Foreset, roreset 
Z l l J inclination ^h deness inclination ckness 
[Numoer ^^^ degrees) (in degrees) (in degrees) (in degrees) 
75 315 
265 
270 
270 
10 
10 
20 
15 
305 
290 
270 
275 
30 
10 
20 
12 
76 305 
290 
280 
292 
18 
15 
12 
18 
280 
290 
285 
15 
15 
15 
77 250 
250 
270 
18 
25 
25 
255 
240 
282 
20 
15 
20 
78 290 
260 
265 
280 
25 
18 
20 
20 
290 
320 
305 
10 
18 
16 
79 250 
300 
240 
15 
15 
10 
240 
300 
10 
20 
80 265 
260 
240 
270 
290 
18 
25 
20 
15 
20 
290 
255 
270 
270 
265 
18 
18 
18 
20 
15 
81 315 18 330 15 
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APPENDIX I.- CROSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Locality 
Number 
Foreset 
azimuth 
Foreset 
inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
Foreset Foreset 
azimuth inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
330 
300 
270 
275 
12 
20 
20 
30 
290 
230 
270 
270 
20 
15 
18 
30 
82 265 
290 
308 
305 
310 
25 
15 
22 
10 
20 
340 
312 
340 
305 
300 
10 
20 
25 
15 
20 
83 290 
270 
285 
290 
270 
12 
10 
20 
10 
15 
285 
280 
285 
270 
15 
20 
15 
10 
84 300 
320 
290 
300 
20 
10 
20 
15 
315 
300 
290 
310 
20 
15 
20 
20 
85 310 
285 
270 
25 
18 
20 
300 
300 
20 
25 
86 260 
275 
270 
15 
25 
15 
290 
300 
265 
15 
15 
20 
.XVTIL 
APPENDIX I,- CROSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Foreset 
(i. degrees) (l. degrees) 
Foreset Foreset 
azimut|t inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
87 270 
290 
300 
270 
270 
15 
20 
20 
2a 
2 
285 
295 
275 
280 
20 
20 
20 
20 
88 270 
310 
300 
10 
20 
15 
320 
315 
305 
15 
15 
10, 
89 330 
290 
310 
10 
15 
15 
300 
305 
300 
25 
15 
20 
90 290 
320 
315 
260 
295 
20 
8 
18 
10 
22 
295 
270 
330 
295 
320 
20 
12 
18 
10 
20 
91 315 
0 
325 
20 
20 
10 
325 
355 
20 
10 
92 295 
290 
300 
290 
10 
20 
30 
10 
290 
285 
310 
20 
30 
10 
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APPENDIX I.- CROSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTD.). 
Foreset Foreset Foreset Foreset NZHJ ^^^^^^^ inclination azimuth inclination ^h cftness 
iNumper ^^^ degrees) (in degrees) (in degrees) (in degrees) ^^^^ 
93 300 
330 
320 
300 
20 
20 
20 
20 
330 
300 
310 
320 
20 
18 
18 
10 
94 315 
290 
320 
300 
20 
25 
10 
15 
275 
295 
315 
300 
20 
35 
12 
10 
95 320 
340 
350 
320 
310 
10 
15 
10 
15 
IS 
350 
350 
290 
300 
320 
10 
20 
15 
14 
16 
96 330 
350 
310 
340 
12 
20 
20 
30 
330 
290 
335 
20 
15 
20 
97 270 
270 
270 
20 
10 
20 
280 
265 
280 
15 
15 
10 
98 280 
290 
275 
10 
20 
15 
5 
15 
10 
290 
265 
20 
15 
5 
8 
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APPENDIX I.- CBOSS-STRATIFICATION FORESET DIP AZIMUTHS, INCLINATIONS AND 
THICKNESSES IN "UPPER" VINDHYAN SANDSTONES (CONTQ.). 
Locality 
Number 
Foreset Foreset 
azimuth inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
Foreset 
azimuth 
Foreset 
inclination 
(in degrees) (in degrees) 
Thickness 
(cm) 
99 330 
335 
340 
15 
25 
20 
20 340 
330 
330 
15 
25 
10 
100 280 
280 
265 
15 
30 
15 
260 
245 
10 
10 
- XXI -
APPENDIX II.- DATA OF RIPPLE M R K S IN "DPPER" VINDHYAN ROCKS 
K A I M U R S A N D S T O N E 
7 15 70 
55 45 
115 80 
50 5 
6 15 
9 10 175 
15 20 
10 160 
15 5 
30 60 
20 15 
35 14 
10 170 
160 
9a 105 0 
110 20 
75 15 
92 160 
l5 60 
20 40 
5 5 
5 0 
100 
10 20 60 
140 60 
150 65 
- XXII -
APPENDIX II.- DATA OF RIPPLE MARKS IN "UPPER" VIUDHYAN ROCKS (Contd.) 
( n ' i g r e e , 
Z (in degrees) 
. . « Azimuth of 
Azimuth of 
ripple crest " P P ' ® Ripple 
(in degrees) ^ I ' Z H H , index 
160 
150 
55 
60 
80 
75 
55 
30 
75 
10a 0 
10 
0 
270 
280 
270 
5 
20 
275 
310 
11 135 225 140 230 
135 225 
12 ao 10 
100 170 
170 0 
90 160 
105 0 
92 50 
100 98 
44 25 
145 20 
155 15 
160 35 
55 170 
15 
12a 38 318 12 10 280 
120 210 10 10 280 
125 215 U . 2 25 295 
- XXIII -
APPENDIX II.- DATA OF HIPPLE MARKS IN "UPPER" VINDHYAN ROCKS (Contd.). 
. . . Azimuth of » • t^. ^ Azimuth of 
, ,,, Azimuth of . , Di 1 Azimuth of . , d- , 
Locality ripple Ripple . ripple Ripple 
Number ( J f d e q r e L ) ^symmetry index [ J f ] " ^sy™®^^^ l-'dex 
degrees) degrees) C m degrees) degrees) 
140 230 10.7 135 315 
132 222 12.2 
13 172 10.0 175 
180 12.7 172 
2 , 1 2 . 7 173 
5 5 
8 
13a 30 300 80 350 
40 310 60 330 
35 305 70 340 
14 150 240 170 260 
15 2 5 295 25 295 
18 30 300 70 340 
160 250 130 220 
0 270 . 140 310 
5o 320 
19 110 200 170 260 
130 220 
REWA SANDSTONE 
2 1 50 320 60 330 
70 340 70 340 
40 320 40 310 
65 335 
- XXIV -
APPENDIX II.- DATA OF BIPPLE MASKS IN "UPPER" WNOHYAN ROCKS (ContdJ 
Azimuth of 
locality ripple Ripple 
Number j j f j ® asymmetry index 
(in degrees) 
, . . Azimuth of 
Azimuth of 
(in degrees) (i„%earees) 
22 90 
10 
70 
65 
75 
60 
0 
100 
340 
335 
345 
330 
65 
70 
20 
60 
60 
65 
335 
340 
290 
330 
330 
335 
23 40 
0 
10 
20 
310 
270 
280 
290 
20 
10 
0 
290 
280 
270 
BHANDER SANDSTONE 
26 
28 
30 
135 
60 
300 
225 
330 
15.0 35 
140 
305 
230 
10.2 
32 
33 20 
10 
270 
290 
280 
7 . 0 
7 . 5 
11.6 
10 
0 
0 
280 
270 
270 
5 . 5 
7 . 5 
6.2 
35 135 
140 
225 
230 
160 
135 
250 
225 
50 95 
100 
95 
85 
5 
10 
5 
355 
85 
75 
85 
88 
350 
345 
350 
350 
- XXV -
APPENDIX TT.-DATA OF RIPPLE MAEKS IN "UPPER" VINDHYAN ROCKS (Contd.). 
. . - Azimuth of 
r?; Te" r:st 
Azimuth of 
ripple crest 
Cin degrees) 
Azimuth of 
ripple 
asymmetry 
^in degrees) 
Hippie 
index 
59 20 
10 
290 
280 
0 
30 
270 
300 
68 20 
15 
290 
285 
8 . 3 
12.5 
20 
20 
290 
290 
12.0 
8 . 8 
80 170 
160 
265 
250 
10.0 
6 . 6 
160 250 8 . 3 
92 
99 
20 
170 
0 
10 
5 
165 
166 
290 
265 
270 
280 
275 
255 
256 
30 
10 
15 
156 
15 
15 
300 
280 
285 
246 
285 
285 
100 45 
45 
315 
315 
16.6 
15.0 
40 
45 
310 
315 
11.1 
12.5 
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APPENDIX III.- THIN SECTION SIZE FREQUENCY DISTRIBUTION (PERCENT) 
OF "UPPER" VINDHYAN SANDSTONES (Contd.) 
Sample I Grajn diameter in Phi units I „ , 
Number I -.05-0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 I 
KAIMU8 SANDSTONE 
1 3.5 15.0 18.0 24.5 14.0 16.5 6.5 2.0 
11 - 0.5 7.0 45.0 35.5 10.0 3.0 1.0 
12 - 2.5 18.5 42.5 19.0 11.0 5.0 1.5 
16 - 10.0 17.5 27.5 21.5 18.0 4.0 1.5 
17 - - 2.0 40.0 30.0 24.0 3.0 1.0 
23 - 5.0 14.0 34.5 24.50 14.50 5.5 1.50 
24 - 1.0 6.5 31.5 29.5 22.5 4.5 4.5 
26 1.5 2.0 11.5 37.5 29.5 10.5 4.5 3.0 
29 1.0 5.5 16.5 24.5 15.0 15.5 13.5 8.5 
35 - 2.5 14.0 41.0 24.5 14.0 2.5 1.5 
37 - 11.5 22.0 35.5 16.5 9.0 4.0 1.5 
38 - 0.5 12.5 28.5 26.5 21.0 10.0 1.0 
39 - 2.5 15.0 44.0 19.5 9.5 6.5 3.0 
47 1.5 7.5 16.5 36.5 21.5 2.0 3.5 1.0 
48 - 2.0 5.5 36.5 26.5 23.5 4.5 2.0 
49 - 4.5 15.0 39.5 22.0 14.5 3.5 -
50 - 9.5 31.0 34.5 12.5 6.5 3.5 2.5 
57 0.5 2.5 11.0 27.5 25.5 23.5 6.0 3.5 
68 2.0 5.5 14.5 35.0 22.0 13.0 5.0 2.5 
69 - 2.5 18.0 38.5 25.5 11.5 3.5 0.5 
72 - - 2.5 35.5 28.0 21.5 9.0 3.5 
4 - - - 2.0 ]8.5 45.5 25.0 8.0 
6 - - - - 7.5 47.0 35.5 10.0 
13 - - 2.0 13.0 32.5 38.0 10.5 4.0 
14 - - - 7.0 23.0 53.0 14.0 3.0 
18 - 3.5 13.5 29.0 30.0 18.0 7.0 1.0 
22 - 0.5 3.0 27.5 37.0 23.0 6.5 2.5 
Common 
Variety 
Flat-bedded 
interbeds 
H 
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APPENDIX III.- THIN SECTION SIZE FREQUENCY DISTRIBUTION (PERCENT) 
OF "UPPER" VINDHYAN SANDSTONES (Contd.) 
Sample 1. 
Number J 
Grain diameter "in Phi units J 
-.05-0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 I Remarks 
36 - 0.5 1.0 3.5 18.5 36.0 26.5 10.0 4.0 
64 - 0,5 2.0 2.0 10.0 32.0 37.5 13.0 3.0 
65 - - - I.O 34.0 38.5 19.5 5.5 1.5 
20 4.5 11.5 5.5 3.5 19.5 30.5 22.0 3.0 -
21 7.5 8.5 12.5 23.0 19.5 10.5 10.0 5.0 3.5 
53 - 1.5 16.5 45.0 24.0 8.0 4.0 1.0 -
62 - - 0.5 4.0 21.5 45.5 26.0 2.0 0.5 
64 - 1.0 1.0 2.5 21.5 31.5 35.5 5.5 1.5 
REWA SANDSTONE 
91 - - 6.5 9.0 18.5 22.5 30.5 8.0 5.0 
93 - - 4.0 7.0 12.0 23.5 32.0 14.0 7.5 
94 - - - - 8.0 26.0 38.0 22.5 5.5 
96 - 0.5 2.5 11.5 23.0 19.5 25.0 15.0 2.5 
100 - - - 4.5 16.0 31.5 32.5 9.5 6.0 
103 - - 3.5 8.0 19.5 19.5 28.0 12.5 9.0 
105 - - - 2.5 19.5 34.5 31.0 10.5 2.0 
107 - 1.0 4.5 8.0 27.5 32.0 12.5 11.5 3.0 
112 - 0.5 1.0 1.5 16.0 16.5 34.5 19.0 11.0 
113 - - 0.5 1.5 4.0 16.5 40.0 27.0 10.5 
116 - 1.0 3.0 3.5 16.5 23.5 35.0 13.5 4.0 
118 - - - 0.5 10.0 36.0 35.0 13.5 5.0 
1]9 - - - 2.5 12.0 22.0 32.5 25.5 5.5 
120 - - - 0.5 16.0 38.0 32.0 9.5 4.0 
121 - 0.5 1.0 9.0 8.5 25.0 31.0 14.5 10.5 
138a - - - 2.0 12.0 22.5 33.0 25.0 5.0 
145 - 2.0 3.0 13.0 21.5 25.0 22.0 8.5 4.5 
148 - 1.0 3.0 ]].5 21.5 24.5 25.5 9.0 4.5 
152 — — a. 2.0 25.2 31.0 28.0 10.5 3.5 
Common 
Variety 
Glauconitic 
sandstone 
n 
Common 
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APPENDIX III.- THIN SECTION SIZE FREQUENCY DISTRIBUTION (PERCENT) 
OF "UPPER" VINDHYAN SANDSTONES (Contd.) 
Sample ft. 
Number i 
Grain diameter in Phi units I 
-.05-0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 J Remarks 
154 
J55 
0.5 2.5 13.0 
2.5 
22.5 
19.5 
28.5 
33.5 
24.5 
33.0 
6.5 
9.5 
2.0 
2.0 
Interbedded 
75 6.0 12.0 17.0 25.0 18.0 16.0 5.0 1.0 units 
84 - 10.5 25.0 20.5 17.0 16.5 9.0 1.5 It 
97 5.5 7.0 27.0 25.0 22.5 6.0 7.0 n 
102 5.5 8.5 22.0 27.0 22,5 10.0 9.5 - <1 
106 5.5 12.0 21.5 24.5 19.5 11.5 5.5 - It 
108 6.0 17.0 24.0 20,5 20.5 7.0 5.0 It 
114 6.0 17.0 24.0 20.5 20.5 7.0 5,0 It 
]58 6.0 17.0 23.0 14.0 15.0 15.0 6.0 4.0 It 
159 1.0 8.0 37.0 35.0 13,5 4.0 1.5 II 
2l2 
BHANDER SANDSTONE 
3.0 17.5 29.5 24.5 16.0 9.5 
Common 
variety 
221 _ - 5.5 12.5 47.0 18.0 17.0 II 
244 - 1.0 12.5 28.0 41.5 12.5 4.5 II 
245 - - - 17.5 44.5 25.0 33.0 II 
246 - 2-5 14.0 30.0 33,5 13.5 6.5 II 
249 _ 4.0 27.5 28.5 26,0 7.0 7.0 II 
251 - 4.0 23.0 28.0 29.0 10.0 6.0 It 
252 - - 3.0 18.0 47.5 17.5 14.0 11 
253 - 1.5 10.5 35.0 34.0 12.0 7.0 II 
258 - 4.5 35.0 36.5 16.5 4.0 3.0 II 
259 - - - 6.0 41.0 36.5 16.5 It 
275 - 1.5 19.5 26.5 37.0 13.5 2.0 11 
285 0.5 4.5 27.5 33.0 25.5 9.0 - II 
361 - 2.0 18.0 36.0 30.5 10.5 3.0 II 
365 - _ 1.0 19.0 34,5 34.0 10.0 1.5 II 
- XXIX -
APPENDIX III.- THIN SECTION SIZE FREQUENCY DISTRIBUTION (PERCENT) 
OF "UPPER" VINDHYAN SANDSTONES (Contd.) 
Sample I Grain diameter in Phi units f 
Number } -.05-0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 i 
Remarks 
280 - 2.0 14.0 34.0 24.5 16.5 6.5 2.5 
281 - 1.0 17.0 44.0 18.0 13.0 5.0 2.0 
283 - - 8.0 37.5 32.5 14.0 6.5 1.5 
284 - 1.0 19.0 35.0 23.0 14.0 6.0 2.0 
285 - 6.0 28.0 21.0 18.0 18.0 7.0 2.0 
286 - 3.0 25.5 50.0 15.5 6.0 ].0 -
287 - - 1].0 33.0 27.5 15.6 7.0 6.5 
319 - 4.5 17.5 44.5 17.5 9.5 5.0 1.5 
320 2.0 1.0 11.0 41.0 20.0 21.0 4.0 -
341 - - 4.5 34,5 29.0 17.5 10.0 4.5 
378 1.5 3.5 24.5 34.0 22.0 9.5 3.5 1.5 
379 _ - 13.0 35.5 28.0 18.5 3.5 1.5 
384 - 1.0 11.5 43.5 19.5 14.5 7.0 3.0 
403 0.5 0.5 17.5 50.0 17.5 9.5 4.5 — 
Channel 
Sandstone 
ti 
i i 
II 
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APPENDIX VI.- GROUPED DATA OF ELONGATION (LENGTH/BREADTH) RATIO OF 
DETRITAL QUARTZ GRAINS OF "UPPER" VINDHYAN SANDSTONES. 
100 GRAINS MEASURED IN EACH SAMPLE. 
Sample 5 Elongation classes 
Number j 10-1.2 - 1.4 - 1.6 - 1.8 - 2.0 - 2.2 - 2.4 2.4 
KAIMUR SANDSTONE 
12 23 25 19 12 9 6 4 2 
18 23 12 23 20 9 8 2 3 
22 14 27 21 10 11 7 3 7 
35 17 19 27 13 10 6 3 5 
65 27 21 20 11 9 4 3 5 
69 17 19 23 17 16 8 0 0 
REWA SANDSTONE 
103 8 17 25 21 12 5 8 4 
104 34 20 23 18 10 8 6 1 
106 8 11 10 25 15 18 5 8 
115 26 24 15 8 6 10 3 8 
121 22 20 23 7 9 8 5 6 
154 9 12 18 26 
BHANDER 
6 
SANDSTONE 
13 8 8 
280 26 19 12 21 9 8 3 2 
283 30 15 29 18 4 2 0 2 
286 27 18 14 12 9 7 2 11 
319 20 21 27 17 8 5 1 1 
341 21 20 18 18 11 6 1 5 
361 '19 26 25 18 9 2 1 0 
365 25 23 25 11 6 5 3 2 
403 15 24 22 19 10 4 2 4 
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APPENDIX VIII.- INSOLUBLE RESIDUES OF BHANDER LIMESTONE 
Sample 5 . . I Weight of I Weight of Inso- i Percent of Inso-
Number i utnoiacies | samples i luble Besidue i luble residue 
172 Massive limestone 200 gms 24,80 12,40 
173 Interlaminated limestone 
tv 49.40 24,70 
174 Massive limestone 
t t 
39»60 19.80 
175 Massive limestone 
n 27.00 13.50 
182 Interlaminated limestone 
u 33.40 16.70 
183 Calcirudite breccia 
t i 47.2 23.6 
184 Massive limestone 
I I 27.0 13,5 
185 Massive limestone 
11 27.4 13,7 
186 Interlaminated limestone 
• 1 39.4 19.7 
189 Calcirudite breccia 
I t 33.00 16.50 
190 Massive limestone 
I I 25.00 12.50 
191 Interlaminated limestone 
II 531.8 26.59 
192 Interlaminated limestone 
II 42.80 21.40 
193 Interlaminated limestone 
II 32.80 16.40 
194 Massive limestone 
n 33,10 16,55 
195 Massive limestone 
II 34.10 17.05 
196 Interlaminated limestone 
If 45,90 22.95 
197 Massive limestone 
It 32.70 16.35 
199 Massive limestone 
It 25.50 12,75 
200 Interlaminated limestone 
II 32.80 16.40 
20] Massive limestone 
I I 24.30 12.15 
202 Massive limestone 
II 37,66 18,83 
203 Massive limestone 
II 30.00 15.00 
204 Massive limestone 
II 
26,40 13.20 
205 Massive limestone 
I I 22.80 11.40 
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APPENDIX IX.- PARTING LINEATION IN "UPPER" VINDHYAN SANDSTONES 
Locality 
number 
Number of 
measurements 
Mean J 
azimuth i 
(in degrees) 1 
Locality 
number 
Number of 
measurements 
Mean 
azimuth 
(in degrees) 
KAIMUR SANDSTONE 
12 34 69 13 4 80 
13a 4 52 19 2 110 
REWA SANDSTONE 
21 7 147 22 4 106 
22a 2 135 23 4 70 
• BHANDER SANDSTONE 
24 23 56 24b 12 97 
25 4 53 26 5 133 
26a 9 ,85.6 26b 18 77 
27 15 85 27a 5 53. • 
27b 22 75 28 5 110 
29 2 107 30 4 90 
32 6 87.5 32a 4 70 
32b 6 95.8 33a 12 95.4 
33b 6 97 33c 5 93 
33d 5 113 33c 8 107 
33f 6 113 33g 8 112 
33L 8 95 34 10 78 
34a 19 77 34b 7 77 
35 4 106 40 6 90 
43 3 88 44 4 75 
45 4 88 45a 3 107 
49 16 110 50 43 97 
51 4 90 54 5 88 
56 3 90 58 5 113 
61 7 71 67 4 103 
72 13 93 73 14 95 
73a 4 123 82 5 127 
82a 4 152 83 6 70 
84 5 77 84a 9 97 
98 6 104 99 3 146 
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APPENDIX X,- AZIMUTHAL DISTRIBUTION OF GRAIN LONG-AXES IN "UPPER" 
VINDHYAN SANDSTONES IN THIN SECTIONS PARALl-EL TO 
BEDDING. 
g , i Grain orientation in each segment 
« "F ® H (All angles measured clockwise from north) 
'^ "•"Per j| Q_20 20-40 40-60 60-80 80-100 100-120 120-140 140-160 160-180 
KAIMUR SANDSTONE 
13 15 8 17 18 40 32 35 22 13 
14 13 23 28 30 26 25 27 19 9 
16 4 11 30 40 43 38 21 8 12 
17 14 24 18 28 24 34 24 13 14 
18 13 18 22 22 29 43 26 16 11 
23 5 19 15 26 45 36 29 14 11' 
26 21 26 28 11 17 16 34 21 26 
38 15 17 33 20 29 23 28 24 18 
58 4 19 33 25 34 30 28 14 12 
72 11 17 25 26 33 26 34 24 5 
EEWA SANDSTONE 
73 14 26 35 28 18 18 24 22 15 
74 12 22 24 30 45 29 18 13 7 
75 9 18 23 30 32 34 20 9 15 
78 15 9 24 43 32 41 13 10 13 
83 13 20 23 35 45 21 20 10 13 
84 12 19 32 24 36 34 22 13 9 
91 10 16 32 35 33 24 21 22 9 
93 10 16 25 29 27 21 24 21 28 
107 16 21 40 28 30 20 19 11 12 
112 19 19 25 28 32 22 23 15 17 
113 15 ]5 24 18 27 24 35 21 18 
119 30 39 19 9 16 11 25 21 30 
137 7 13 36 29 40 29 16 15 15 
138 12 23 34 23 42 18 24 16 8 
140 17 22 3.1 22 28 21 24 20 15 
- XLtV -
APPENDIX X.- AZIMUTHAL DISTRIBUTION OF GRAIN LONG-AXES IN "UPPER" 
VINDHYAN SANDSTONES IN THIN SECTIONS PARALLEL TO 
BEDDING (ContdJ. 
G . I Grain orientation in each segment 
PJ ® I (All anale$ measured clockwise from north) 
iNumner ^ ep.ioQ 100.120 120-140 140-160 160-180 
145 17 23 43 14 21 23 21 16 24 
150 10 19 44 23 34 14 26 23 9 
159 12 16 22 24 40 24 26 22 14 
BHANDER SANDSTONE 
212 13 ]3 27 7 23 24 45 29 16 
221 13 14 20 21 14 26 41 29 22 
245 12 12 21 20 11 30 40 34 21 
246 7 22 37 35 32 15 24 17 16 
252 13 19 19 12 15 23 41 36 22 
258 10 13 10 11 18 28 50 37 23 
259 22 27 39 29 28 17 15 13 10 
281 18 12 23 19 23 31 30 23 18 
412 11 13 20 34 51 21 19 18 9 
435 22 14 17 16 18 30 30 26 24 
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APPENDIX XI.- INCLINATION OF GRAIN LONG AXES IN "UPPER" VINDHYAN SANDSTONES 
IN THIN SECTIONS PERPENDICULAR TO BEDDING AND PARALLEL 
TO GRAIN OTIENTATION. 
Sample 
Grain imbrication in each sector 
iNumoer j • 
0-20 20-40 40-60 60-80 80-100 10-120 120-140 140-160 160-180 
KAIMUR SANDSTONE 
13 52 44 29 6 2 - 7' 25 35 
14 55 27 32 7 0 16 23 19 21 
16 63 43 38 8 - - 6 9 33 
17 45 30 27 14 7 6 9 28 34 
REWA SANDSTONE 
75 61 28 11 6 . 5 3 18 26 42 
107 60 35 33 6 - 2 10 24 30 
113 71 22 13 8 - 5 13 25 43 
140 57 27 21 9 2 3 20 25 41 
150 60 29 32 7 2 9 19 21 21 
BHANDER SANDSTONE 
212 77 45 24 2 - 3 12 9 28 
245 63 40 24 5 4 4 15 15 • 30 
259 38 21 7 2 2 1 1 10 18 
412 81 31 12 6 - 2. 6 12 50 
435 60 40 30 12 - 3 6 11 38 
UPPER VINDHYAN SEDIMENTATION IN THE 
KOTA-RAWATBHATA AREA, SAJASTHAN 
By 
Bisheshwar Dayal Bhardwaj 
ABSTRACT 
The "l%)per" Vindhyan (? Precarabrian) rocks of the Kota-Raivatbhata 
area have been studied in respect of sedimentary structures, petrography 
and palaeocarrent patterns with a view to interpret their sedimentation 
and diagenetic history. This investigation is the first of its kind to 
have been attempted in the western part of the main Vindhyan basin and, as 
such, provides important Insight into the overall problems of Vindhyan 
sedimentation. 
Field work and geological mapping has confirmed the broad strati-
graphic sequence established by earlier workers for southeastern Mewar of 
which the present area is a part. The approximately 350 m thick "t^per" 
Vindhyan sequence in the study area is conformable and is divisible. In 
the ascending order, into the following lithostratigraphic sub-divisions: 
Kaimur sandstone, Rewa group (comprising Rewa shale and Rewa sandstone 
formations) and Bhander group (comprising Ganurgarh shale, Bhander lime-
stone, Sirbu shale and Bhander sandstone formations). 
The sandstones (both non-glauconitic and glauconltic) are mature to 
supermature both texturally and compos itionally. Most samples are medium 
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to fine grained and moderately to well sorted. The detrital grains are 
rounded to well rounded in the Kairaur but are subrounded to rounded in the 
Kewa and Bhander sandstones. Clay or silt-size matrix is characteristically 
absent in all sandstones studied. Quartz (including overgrowths) comprises 
96 to 99% of the rock by volume; fragments of chert, quartzite, and quartz 
schist together make up 2 to 3% by volume. Felspars are almost absent in 
the Kaimur and Bhander sandstones but are present to the extent of about 
3% in the 8ewa sandstone. Heavy minerals constitute less than 1% of the 
rock by weight and are characterised by the predominance of well rounded 
grains of tourmaline and zircon. Most samples are silica cemented. Lime-
stones are predominantly micritic and are divisible into 3 lithofacies, 
namely, inter laminated calci lulite-calcisiltite, flat-pebble calcirudUe 
breccia, and massive, micritic limestone. 
A palaeocurrent study, based primarily on the azimuthal measurement 
of 867 cross-strata, 207 ripple marks and 274 parting lineations, and partly 
on dimensional fabric analysis of 53 properly oriented thin sections of 
sandstones, reveals that the direction of sediment transport remained, more 
or less, westerly throughout deposition of the "l^per" Vindhyan rocks in 
the study area. An integrated study of sediment dispersal pattern and 
mineralogy of the rocks suggests that, in all probability, the older, Pre-
cambrian raetasediments (Bijawar and Gwalior "series") and the basement 
granite of the Bundelkhand region outcropping to the east of the study area 
constituted the provenance. 
Sedimentation commenced with the deposition of the Kaimur sandstone 
over the Suket shale ("Lower" Vindhyan) in a slowly transgressing sea - first 
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on saTtdy intertidal flats and then in the epineritic zone. Rapid build-up 
of deltas along the coastal plains, perhaps, resulted in the deposition of 
the Bewa shale and Rewa sandstone as pro-delta and delta-fringe sediments. 
As a result of further sea-ward migration of the shore line, the deltaic 
sediments were covered with extensive intertidal and supratidal mud-flat 
deposits represented by the Ganurgarh shale and the lower part of the Bhander 
limestone (interlaminated and calcirudite breccia facies). The very slow 
rate of clastic sedimentation in a slowly subsiding basin, perhaps,resulted 
in another transgression of the sea over the extensive flats. The very 
extensiveness of the submerged shelves prevented wave action and the shallow-
ness promoted super-saturation of the sea water with calcium carbonate and 
this combination of physical and chemical conditions resulted in the active 
precipitation of carbonate mud forming the massive Bhander limestone. An 
increase in the rate of clastic sedimentation, perhaps in response to 
tectonism in the source area, cut out carbonate sedimentation and initiated 
the deposition of Sirbu shale on the newly formed intertidal and supratidal 
mud flats. As the seaward migration of the shore line continued, the tidal 
flat deposits were gradually replaced by the channel deposits of rapidly 
migrating streams of very low channel sinuosity which are now represented 
by the Bhander sandstone. This study suggests that periodic uplift of the 
source area was going on parri passu with sedimentation. 
Interpenetration and pressure solution of quartz grains appears to 
have played an important role in the cementation of the Kaimur sandstone. 
An additional source of silica in the relatively less pressolved Rewa and 
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Bhander sandstones appears to have been the river waters which contained 
a large quantity of dissolved silica. Glauconitisation of the clay 
pellets, observed in the upper part of Kairaur sandstone, appears to have 
been initiated by purely inorganic processes in a natural semi-oxidising 
environment in a locally restricted sea. 
